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EXECUTIVE SUMMARY 


Earth Satellite Corporation has tested its previously developed 
Spring Wheat Yield Model System over the hard red spring wheat regions 
of North Dakota, South Dakota, Montana and Minnesota in 1975. The 
system is directed to future applications of dynamic simulation models. 

The present "System" employs ground meteorological observations from 
first order observing stations and meteorological satellite cloud 
observations to derive daily estimates of the weather environment of the 
wheat plant. Soils, plant physiology, and local soil water to plant 
relationships are explicitly included in the "System". The daily oper- 
ational implementation of the model is driven by a phenology "clock" 
which activates plant canopy cover estimates of crop albedo, derives 
rooting structure and initiates water extraction coefficients. Yield is 
derived from phenology interval accumulations of daily plant stress 
through a regression equation which includes a technology trend estimate. 

The "System" is largely computerized and operates on a two-level 
geobased grid and cell structure which has been developed from the 
National Meteorology Center's standard Numerical Prediction grid mesh. 

Significant items which have been derived from the 1975 test of the 
"System" include: 

(a) The precipitation estimation sub-element of the "System" 

provides daily estimates accurate to within 3 mm. 72% of the 
time and 7 mm. 90% of the time. There is a distinct tendency 
to overstate light precipitation events (less than 12.5 mm.) 
and understate heavy precipitation events (greater than 12.5 mm.}. 
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Estimates for larger areas (greater than the 25 n.m grid 
mesh), e.g. CRD or for longer time intervals up to one week 
show greater accuracy. (These results were prepared using 
cooperative observing network data as ground "truth" data. 

These stations were not a part of our 1975 operational data 
base.) 

(b) The potential evapotranspiration (ETP) sub-element of the 
"System" produced estimates during the 1975 test that were 
within + 2 mm. of Class A pan measurements 68% of the time. 
Correlation coefficients for three test stations range from 
0.74 at Fargo, 0.66 at Sioux Falls and .57 at Pickstown. 

These results are in line with previous comparisons between 
the Penman (ETP) and Class A evaporation pan data. 

(c) Solar radiation estimates, compared with a limited number of 
reasonably good pyranometer data, show a positive bias of 
approximately +55 Langleys/day and a random error of 80 Langleys/ 
day. 

(d) - The growth stage "clock" was tested at seven USDA test site 

locations in Montana, North Dakota, South Dakota, and Minnesota. 
The results show a generally positive bias, i.e. the' predicted 
growth stage appears to have a tendency to be early. The 
absolute error averages 3.4 days for all three stages that 
were evaluated, i.e. jointing (BMT=2), heading (BMT=3), and 
soft dough (BMT=4). 

(e) Evapotranspiration (ET) estimates using the moisture release 
function whereby soil moisture is restricted after approxi- 
mately 70% of maximum profile crop available moisture is too 
restrictive. The observed errors for seven day intervals were 
approximately -25 mm., i.e. the model estimated 25 mm. less ET 
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than actually was observed at the' neutron profile sites. 
Substitution of a moisture, release curve that is non-res- 
trictive to 35% of capacity seems to reduce the error to -8 mm. 
Tests' of a, sandy soil, totally non-restrictive moisture 
release curve produced errors of +10 iiim., i.e. the model 
estimated more- ET than actually was observed.* 

(f) Yield forecasts prepared during the operational test period 
using a North Dakota model with North Dakota trends' showed 
errors of' approximately +2% in North Dakota, ~\z% in Montana, 
-7% in Minnesota and +30% in South Dakota. An acreage weighted, 
four state aggregate showed errors of less than +4%.' Re- 
evaluation of the T-A trends for each CRD produced, state level 
errors of -8% for' Montana, +4% in North Dakota, -6% in South 
Dakota, and +8% in Minnesota. The four state aggregate error 
is approximately +2%. 

Correlation coeffients of yield estimated at the CRD 
level for Montana, North Dakota and Minnesota are approxi- 
mately .75. At the county level in Montana and North Dakota 
correlation coefficients are approximately .45 and' .55 respect- 
ively. 

Spatial variance in yields is well described by the model 
at the two to three county aggregate level. The size of the 
area over which' real variance is described seems to vary with 
the soil moisture level. Areas with high levels of soil 
moisture 'Seem to show real variance" at a 50 mile mesh level. 
Areas with low soil moisture and significant soils variance 
appear to show variances at the two-cell aggregate level. 
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All yield comparisons were with SRS data made available 
to the Project on either 1 December 1975 (State) or 10 March, 
1976 (CRD and county). 

The "system" implemented over the upper Great Plain in 1975 has 
been fully documented in Appendix IV of this report. The 1975 imple- 
mentation is reasonably efficient in all areas except the initial ground 
data and satellite data entry and error checking. This was done in a 
manual manner in 1975. 

Future plans for the NOAA TIROS-N program include the development 
of cloud state parameters on a routine basis, i.e. cloud type and amount. 
As soon as this is available, the full system could be operational on 
the NMC data base, assuming a decision was made to use the NMC system to 
supply agricultural data. In this configuration the "System" would be 
fully automated. The estimated added incremental operating cost for the 
AGMET System would be equal to one hour of CPU time per week for the 
entire 30,000 12.5 x 12.5 n.m cells that are estimated to encompass all 
the wheat areas of the world. For a 360/50 system, costs would be in 
the $500/week range. Personnel costs for evaluation and debugging would 
be relatively small but would necessarily increase the $500 cost. 

The "System" is fully suitable for the operation of currently 
available simulation physiology models. Such models show potential 
accuracies on the order of 10%. The major benefits to be' achieved with 
such models would be an improved understanding of plant physiological 
processes over large areas. Observations from remote sensing systems 
such as LANDSAT could be used over the large area to assess model 
descriptive performance and thereby permit adjustments of the model 
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inputs. The use of physiological models in a hierarchical mode with 
"middle" models such as have been used in the 1,975, test would prove a 
significant benefit to production estimation, and agricultural research. 

The "System" has demonstrated an overall skill not heretofore 
available to agricultural weather related activities. The systematic 
evaluation and organization of agronomic data provide the potential for 

r 

infinite applications. Some recommendations for further such applications 
include: 

(a) Testing of existing corn, soy bean and cotton physiological 
simulation' models over a large area concurrent with LANDSAT 
coverage. 

(b) Testing of the daily stress yield ad jousted model at selected 
locations in foreign producing areas using sub-sections of the 
total grid mesh in\ sampling mode. 

(c) Testing the use of the soil moisture BMT and stress outputs as 
ah aid in signature extension for LANDSAT multispectral analysis. 

(d) Develop the basic data fields in precipitation, potential 
evapotranspiration, ET, radiation, etc. to permit other invest- 
igators to derive new agronomic models. 

The EarthSat "System" is obviously a different approach for an old 
problem. The basic approach of a distributive simulation model approach, 
whereby all computations are prepared on spatial five mesh grid, has 
many applxcaticns to agronotpy., hydrology, solar energy studies, etc. 

The relative novelty of the approach, albeit somewhat complex, should 
not deter its future use. 
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1..0 INTRODUCTION 

The United States has made a commitment to begin work on a satellite- 
based system to provide global food grain supply information. The 
system -proposed wiTl employ the- LANDSAT satellite data to estimate area 
and to-be-developed techniques to estimate yield. Two yield estimating 
techniques were tested- in the 1975 crop- year. 

The NOAA' Center for Climatic and Environmental Assessment (CCEA) at 
Columbia, Mo.' has' developed, a set of relatively traditional weather 
regression yield estimation models. These models are traditional in the 
sense that they util fze 'monthly averages of meteorological variables, in 
a regression approach that evaluates technology trends and large area 
average weather information in- relation- to historical yield.. Soils and 
soll/water relationships are treated implicitly by geographic regional- 
ization . 

Earth Satellite Corporation has developed a Spring .Wheat Yield 
Model -System- which Is ultimately directed toward a dynamic simulation 
yield approach using plant-physiology models. EarthSat's "System" uses 
both ground observations and meteorological satellite cloud. observations 
to derive- daily estimates of the weather environment of the wheat plant. 
Soils, plant physiology, phenology, and local soils/water/plant relationships 
are -explicitly Included in the "System." Yield- is- derived from phenology- 
interval accumulations of daily plant stress through a regression equation 
which also includes technology trend as in the NOAA CCEA approach. 

The relatively unique approach of the EarthSat "System" requires a 
careful test and evaluation period prior to considerations of any opera- 
tional implementation in an advanced LACIE Program. This report presents 
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the results of an operational test and subsequent evaluations of that 
test which have been conducted for NASA's Lyndon B. Johnson Space Center 
under Contract NAS9-14655. 

The report presents: 

• The results of an operational test of the EarthSat System 
during the period. 1 June - 30 August 1975 over the spring 
wheat regions of North- Dakota, South Dakota,, and ‘Minnesota. 

• Detailed evaluations of the errors associated with each sub- 
element of the system .‘during the operational test. 

• Detailed evaluations of the sensitivity of -the complete system 
and each major functional sub-element of the system to the 
observed errors. 

• Evaluations and recommendations for future operational users . 
of the system including; 

changes in various system sub-elements 
■changes in the yield model to affect improved accuracy 
changes in the number of geobased, cells needed to develop 
an accurate aggregated yield, estimate 
changes associated with the Implementation of future 
operational satellites and data processing systems 
detailed system documentation. 

The report organization follows the format used in the "Mid-Term 
Report" submitted- under the contract in October 197-5.. Appendices present 
the Geobased File Structure, the Spring Wheat System Daily Operational 
• Implementation, ‘the format of the daily computer maps produced by the 
METRUN "System,",, the Soil Moisture Sub-Contracts and System Sofware 
Documentation. 
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2.0 SYSTEM OVERVIEW 

The EarthSat Spring Wheat Yield "System" is largely automated; ' it 
operates on a globally-applicable two level geobased cell structure. 

The geobased area was limited in the 1975 test to four upper Great 
Plains spring wheat producing states. The "System" processes meteorologica' 
data from first order ground observational stations and from meteorological 
satellites. The objectives of the meteorological diagnosis is to define 
the weather influencing plant growth with sufficient detail to permit 
estimation of growth stage (phenology), from a temperature and day length 
model (Robertson 1968). The phenology estimates are then utilized to 
drive a soil moisture budgeting model (Baier 1966). Plant moisture 
stress is then derived on a cell by cell basis for each crop day. Dally 
or end of year spring wheat yields are then derived as a function of the 
cell by cell stress. Figure 2-1 presents a schematic of the overall 
system. 

The "System" is activated after manual entry^'^ on a cell by cell 
basis, of soil characteristics, i.e., texture related crop available 
moisture chatacteristics, starting soil moisture, planting dates, etc. 

The processing activities in the system are initiated by entry-/ of 
the meteorological data. Interpolation routines and diagnostic models 
transform the input data into daily estimates of precipitation and 
potential evapotranspiration on a 25 nautical miles 1,0 grid. Once the 
basic plant weather environment has been defined, the system develops 
estimates of the daily soil moisture profiles and plant stress at a 
12.5 X 12.5 nautical mile "cell" level. 


1/ A procedure has been defined to permit entry of the vertices of 
polygons which outline the homogenous areas to be entered. This 
procedure is directly applicable to an interactive terminal operation. 
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Yield forecasts may be prepared from the daily cell by cell stress . 
either as a function of the .average stress from planting to ripe or as a 
daily weighted transform of stress to yield percentage reduction. Both 
techniques have been Used with good results. The yield estimates are 
prepared at the 12.5 x 12.5 n.m. .cell and then aggregated upward to 
county. Crop Reporting District, State or Region levels' using historical 
averaged planted acreage data. 

The forecast procedures applied to estimate future weather from a 
point in time within the crop year included (a) a simple "past is prologue," 
i-.e., the past average stress is equal to the future; and ,(b) a Monte 
Carlo weather simulation model approach which includes future weather . 
sequences as Markov chains initiates on the basis of the last day of 
actual weather. The 1975 test only included "normal " weather statistics 
in the Monte Carlo model. Future applications could include forecasts 
and long range outlooks by modifying the distributions of weather events. 

All’ data calculated during the crop year are accumulated into a 
-crop season master file for subsequent research and study availability. 
Specific site data are reformatted into time sequential files for ease 
in subsequent review and display. 
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Figure 2-1: Schematic oF EarthSat Spring Wheat Yield System 









3.0 REGIONAL DATA BASE 


3.1 Coordinate Grid 

A grid mesh system- which is frequently used in operational 
meteorology was selected for this study as offering a convenient 
system in which to manage the computations and data manipulations. 

While some aspects of the grid definition might conveniently have 
been modified for the current application, this was not done, 
thereby allowing for future expansion to a global scale and remain- 
ing compatible with the format of possible future sources of input 
data. 

The grid mesh system is rectangular to a polar stereographic 
projection of the northern hemisphere (see Figure 3-1). The spacing 
between successive grid points at middle latitudes is about 25 
nautical miles. The J-axis is parallel to the great circle defined 
by 100 degrees east longitude and 80 degrees west longitude. The 
north pole is at (I = 257, J = 257). The equations relating latitude 
(Lat) and longitude (Lon) to I and J are: 

I = 257 + R cos A 
J = 257 + R sin A 

' where 

R = 249.635 tan ((90'’-Lat)/2) 

A = 10 - Lon 

and longitude is defined as positive in the eastern hemisphere and 
negative in the western. 

This grid mesh defines the points at which the meteorological input 
parameters- are' determined. The- spring wheat region being examined 
in this study spans I - values from 206 to 232 and J - values from 
335 to 362, a rectangle containing 756 grid points. 
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Figure 3-1: I-J coordinate grid on polar stereographi.c projection 

of Northern Hemisphere. 
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3.2 Aqromet Cells 

For calculations of the response of the crop-soil system to 
the meteorological inputs, the 25 mile grid is further subdivided 
so that four 12.5 mile agromet cells surround each grid' point. The 
four cells in each group thus receive' identical meteorological 
Input but greater resolution is provided with respect to. soil 
class., planting- date and starting soil moisture. The four cells at 
each grid- point are each assigned a K-coordinate. The cell lying 
in the direction -of increasing I and J is assigned- K=-l ; values of 2 
through 4 are then assigned in a clockwise direction. 

The cells -represent the smallest units into which- the data 
base is partitioned; it therefore became necessary to assign, each 
cel.l to a single county and to a single soil category. The assign- 
ments were performed by overlaying the cell configuration onto soil 
maps of the individual states. County assignments are based on the 
county occupying the major portion of the cell, while soil assignments 
are based on the dominant soil type in the portion of the assigned 
county lying within the cell. Three broad categories of soil type 
were recognized for this study, differing in the amount of plant- 
available water their profiles can hold. These categories are 
designated by the numbers l,-3 and 4,. 

Category 1 is typified by deep loamy soils with a maximum 
profile plant-available capacity of 175 mm. Category 3 represents 
sandy soils having a maximum plant-available capacity of 115 mm, 
while Category 4 comprises soils of restrictive moisture availability. 
These can be either very shallow soils or soils of high salinity 
and are assumed to have a maximum plant-available capacity of 
75 mm. 
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Figure 3-2 illustrates. the 1562 cells used in this study 
overlayed on a map showing the state, crop, reporting district and 
county boundaries. The soil category numbers are positioned in 
each cell in such a manner as to clearly indicate the .county to 
which the cell has been assigned. The eastern and western limits 
of the cell array were selected based on maps showing the areas in 
which spring wheat is grown. Appendix I presents a list of the 
1562 cells, giving the assigned county, crop reporting district, 
state and soil class. In Figure 3-3 the different soil classes are 
highlighted by shading to illustrate their distribution. Southeastern 
Montana is dominated by shallow, category 4 soils. The location of 
the Yellowstone River valley with its deeper (category 1) soils is 
apparent. 
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Figure 3-2; Cell Locations and Soil Class Assignments 




SOIL CLASS KEY 

□ 1 - DEEP LOAMY 
■ 3 - SANDY 
g 4 - SHALLOW 

Figure 3-3: Soil Class Distributions 




4.0 DATA COLLECTION/PROCESSING 
4.1 Service C 

The Teletype Service C station manual was searched for all 
available stations in and around the rectangular I, J grid of the 
study area (206£l<232; 335^Ji362). Also included, were the stations 
around the two lysimeter- sites at Akron, Colorado and Manhattan, 

Kansas. Thirty-four 1st order stations (those having regular six- 
hour synoptic reports) were found to be available. These thirty- 
four stations report through five reporting districts on Service C: 
Seattle, Indianapolis., St. Louis, El Paso and the ninth Canadian 
district. A list of the thirty-four stations along with their I, J 
positions are shown in Figure 4-1. Figure 4-2 shows their locations 
overlayed on the study area. 

The daily Service C Teletype data rolls and six-hourly surface 
weather maps were obtained from the World Weather Building in 
Suitiand, Md., on a regular schedule. As the Service C data rolls 
were received, they were searched and the synoptic data for each 
six hour time period (OOZ, 06Z, 12Zi 18Z) were stripped out. 

Technicians extracted the significant synoptic coded data for 
the thirty-four stations onto computer coding sheets; visibility, 
wind direction, pressure and ceiling height were not included. 
Unfortunately, erroneous and missing data often hampered this 
effort; to compensate, the respective synoptic stations were telephoned 
bimonthly.. ' 

After all available data were accumulated, it was keypunched 
onto cards. In the extraction and keypunching process, some unavoid- 
able errors were introduced into the system; in order to eliminate 
these errors as well as the original erroneous data, quality control 
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1 

2 

3 

ID 

72747 

72659 

72655 

STATION 

INTERNATIONAL FALLS 
ABERDEEN 
ST- CLOUD 

LAT 
48-6N 
45. 4N 
45.6N 

LON 

93. 4W 
98. 4W 

94. 2W 

I 

235.1 

224.7 

232.0 

J 

348.7 
354.0 
355 ,9 

4 

72662 

RAPID CITY 

44. ON 

103.1W 

215.5 

354.4 

' 5 

'7265'4 '■ 

HURON 

44* 4 N 

98. 2W 

224.2 

356.8 

6 

72658 

MINNEAPOLIS 

45. ON 

93. 3 W 

2'3'3.3 

357.7 

7 

72652 

PICKSTOWN 

43.1 N 

- 98. 5W 

222.6 

359.8 

r .-8 

72557 

‘ ■ SIOUX CITY 

42. 4 N 

• 96. 4W 

22 5.9 

362 .7 

9 

72651 

SIOUX FALLS 

'43. 6N 

96. 7W 

2 26.2 

359.6 

10 

72650 

SPENCER 

43. IN 

•95. IW 

228.8 

361.4 

11 

72562 

NORTH PLAtTE 

41. IN 

100. 7W 

2i‘6.9 

36"3.1 

12 

72775 

GREAT fall's 

• 47. 5N 

111 . 4 'W 

206.4 

54'6.0 

13 

72777 

havr'e 

48.5 N 

109. 8W 

216.1 

339,0 

14 

7276 8 

GLASGOW 

48. 2 N 

,106.'6W 

214.3 

342.2 

15 

72767 

WILLIStON 

.48. 2 N 

103. 6W 

218.8 > 

344.4 

16 

72764 

BISMARCK 

46. 8N 

100. 8 W 

221.9 

34'9.'5 

17 

72757 

DEVILS LAKE 

48. IN 

98. 9W 

226.1 

347.4 

18 

72753 

— FARGO 

46. 9 N 

■'96.“8W" 

' 228.5 

351,4 

19 

7^755 

B EMI DJI 

■■ 47 - 5 N' 

94. 9 W 

'232.1 

3 50'. 9 

20 

72677 

-■ ■ ■ BILLINGS 

45.8N“ 

108. 5W' 

20'8.6 

'346. i 

21 

72666 

SHERIDAN 

44. 8N 

107. OW 

■■ '2 09. '8' 

349.7 

22 

72851“' 

PORTAGE LA PRAIRIE 

49.9N‘ 

■‘”98. 3 W" 

' 22'8.4 

3 43 , '5 

23 

728‘52 

WINNIPEG 

49. 9 N 

97 ‘.'2 W 

23"0.0 

344.0 

24 

72862 

' ESTEVAN 

" 49‘,IN 

‘'l03,'0W‘ 

' 220 , 6 ' ■' 

'3' 4 2. '8 

25 

f2863 

REGINA' 

50. 4N 

■io'4. 7W 

■ 21975 

33 8.6 

26 

72 87 0 

SWIFT CURRENT 

“50. 3N 

107. 7 W” 

■2l'5.‘i 

336 79 

27 

72872 

MEDICINE HAT 

5fi.0N 

"li'0.7W'‘ 

210.6 

33”5^1 

28 

72874 

, LETHBRIDGE 

49. 6N 

' 112 . 

'2'07.3 

' 334.2 

29 

72564 

! ’ . "" CHEYENNE 

4f.lN 

104. 8W 

' 209.4 

359.9 

30 

7.a465.. 

GOOD LAND 

39.4~N 

i01.7W 

' 213.3 

J-66.7 

31 

7245 8 

CONCORDIA. 

39. 5N 

97. 6W 

221.3 

36 9.1 

32 

72456 

TOPEKA 

39. IN 

95. 6W 

225.0 

371.5 

33 

72446 .. 

KANSAS CITY 

39.3N„. 

94. iw. 

226,9 

37'l .4 

34 

72469^ . 

denve'r 

39. 8N 

l'04.9W 

207.8 

363.2 


Figure 4-1: ’ Listing of meteorological stations used in the EarthSat 

Daily Weather Diagnosis 
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Figure 4-2: 

Location of meteorological stations in the study area. This map overlays the computer 
produced maps .of- the ^METRUN subprogram. Stations are keyed to the listing in Figure 4-T 
by the last three digits of their WMO identification*. Stations listed at the bottom left 
are outside -of the study area and are- used to interpolate meteorological- parameters for 
the two lysimeter sites - Manhattan, Kansas and Akron, Colorado, also outside the study 
area. The interpolated values for these sites are presented at the bottom left of the 
computer-produced maps. 
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4 
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63024 
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6 
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5 
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13 
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2 
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30 
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32 
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1 

14 

31 
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63024 
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13 

31 

0 

72775 
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6 

13 

26 

2 

72777 
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3 

10 

28 

1 

72768 

63024 

1 

10 

27 

1 
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63024 

2 

9 

27 

1 
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29 
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27 
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6 
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PT 
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0 

7 

7 

19 

0 0 

0 

9 

0 

3 

21 

7 0 

0 

1 

0 

1 

22 

0 0 

0 

9 

0 

0 

19 

0 0 

0 

9. 

0 

0 

18 

0 0 

0 

1 

0 

0 

22 

7 2 

0 

1 

0 

0 

20 

0 0 

0 

0 

0 

0 

22 

0 0 

0 

1 

0 

0 

20 

0 0 

0 

0 

0 

0 

17 

0 0 

0 

0 

0 

8 

16 

0 0 

0 

9 

6 

3 

13 

0 0 

0 

2 

0 

3 

13 

0 0 

0 

1 

0 

0 

9 

0 0 

0 

1 

7 

0 

11 

0 0 

0 

1 

0 

0 

17 

0 0 

0 

2 

0 

1 

21 

0 0 

0 

9 

‘6 

0 

19 

7 8 

0 

5 

0 

7 

17 

7 9 

0 

1 

0 

0 

13 

0 0 

0 

9 

0 

0 

17 

0 0 

0 

2 

0 

1 

14 

0 0 

0 

1 

0 

0 

20 

0 0 

0 

0 

3 

0 

9 

0 0 

0 

1 

0 

1 

8 

0 0 

0 

1 

0 

1 

7 

0 0 

0 

2 

8 

1 

3 

0 0 

0 

1 

0 

1 

• 5 

0 0 

0 ‘ 

9 

0 

0 

2 

0 0 

0 

0 

0 

0 

11 

0 0 

0 

1 

6 

8 

19 

0 0 

0 

0 

0 

8 

19 

0 0 

0 

9 

-1 

-1 

21 

0 0 

0 

9 

0 

0 

1 

0 0 

0 


NINE 
GROUP 
0 0 
6 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 


TWO 
GROUP 
2 4 

0 0 
0 0 
0 0 
6 0 
2 2 
0 0 
0 0 
0 0 
0 0 
6 0 
0 0 
0 0 
0 0 
0 0 
2 99 

2 97 

2 t)7 

2 12 
0 0 
0 0 
2 3 

2 12 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 


FOUR 

GROUP 

47764 

49272 

48967 

48562 

49672 

48970 

49272 
48870 

49273 
49272 
48967 
47845 
48345 
48352 
48557 
48663 
48361 
47564 
47464 
48454 
48152 
48466 
48464 
47957 
47950 
477-1 
47743 
47345 
48549 
49158 
49169 
49069 
49172 
49351 


Figure 4-3: Sample listing of meteorological station synoptic data entering Subprogram METRUN. See 

Table 4-1 for an explanation of headings. 



software was developed and run. This step eliminated obvious 
errors such as the low cloud cover amount being greater than the 
total amount of cloud cover, the dew point being greater than the 
temperature, etc. These errors were either replaced with values 
found on the surface, maps, if they seemed reasonable, or assigned a 
minus one to represent missing data. Meteorologists searched. the 
data for suspicious values that did not violate any error conditions 
in the software. When suspicious values were observed, all data 
(synoptic & surface maps) were reviewed and changes were made as 
appropriate. 

As the data was determined to be accurate, it was assembled, 
along with the satellite data for program' METRUN. The format in 
which the synoptic data entered program METRUN is presented in 
Figure 4-3. Appendix II presents a discussion of each product 
•produced by METRUN. 

The synoptic data enters program METRUN still in its coded 
form. Table 4-1 explains, the column headings in Figure 4-3. For 
explanation of the coded data, reference should be made to the WMO 
synoptic code manual. Minus one is the number arbitrarily assigned 
to missing data points. 

4.2 Discussion of Satellite Images and Their Use in the LACIE 

Program 

Visible and infrared imagery from the Synchronous Meteorological 
Satellites SMS-1- and SMS-2 were utilized in the estimation of cloud 
cover for ETP and rainfall calculations. The gridded SMS images 
were received from the Kansas City Field Service Station by mail 
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TABLE 4-1 


STA 
MODYR 
TOT CLD 
WND 
TEM 

LOW CLD 
CL 
CM 
CH 

DEW PT 
Seven GROUP 
Plus INCH 
Nine GROUP 
Two GROUP 
Four GROUP 


Explanation of Synoptic Abbreviations used in Figures 


Station Identifier 
Month, Day, Year 

Amount of total cloud cover in eighths 
Wind Speed in knots 

Present tenperature in degrees centigrade 
Amount of low clouds or middle clouds 
Low cloud type 
Middle cloud type 
High cloud type 

Present dew point in degrees centigrade 
Previous six hour rainfall, in hundreths of an inch 
Inches of rainfall in ones 
Special phenomena group 

Previous twenty-four hour rainfall in hundreths of an inch 
Maximum and minimum temperature in degrees fahrenheit 
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after real time acquisition. Only that portion of the full earth 
disk SMS images covering the Central U.S. (sector KB-8) was utilized. 
The visible and infrared images used had a resolution of approximately 
1.5 and 8 miles respectively. 

Four images per day, approximately one per each six-hour 
interval, were made available'. The' images were not evenly spaced 
in time; Table 4-2 shows the approximate times of the images received, 
and how they were assigned to 6-hour time intervals for purposes of 
estimating ETP and precipitation. 


TABLE 4-2 

Time of Occurrence of SMS Images 


APPROX- GMT APPROX. SOLAR TIME TYPE OF IMAGE 

AT 105 W 


GMT INTERVAL 
OF CALCULATION 
FOR PREC. FOR ETP 


01 

07 

15 

24 


6 PM 

INFRARED 

00-06 

03-09 

12 AM 

INFRARED 

06-12 

09-15 

8 AM 

VISIBLE 

12-18 

15-21 

5 PM 

VISIBLE 

.18-24 

21-03 


The overriding consideration for image assignment was the- estimation 
of the 6-hour precipitation at 06, 12, 18 and 24 GMT to coincide 
with the precipitation observations. Each image was therefore 
assigned to the time interval of precipitation estimation in which 
they occurred. The 01 GMT image was used to estimate 6-hour precipitation 
ending at 06 GMT, etc. Such an assignment caused a misalignment 
with the ETP calculations which are done for 6 hour intervals 
centered at observation times (06, 12, 18, 00 GMT) and summed for 
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24 hours. The misalignment does not cause problems because: l.).it 
occurs mostly during the nighttime hours when ETP values are near 
zero; and 2) since ETP is summed fpr 24 hours an erroneous estimation 
of cloud cov.er in one six-hour interval would most likely be compensated 
in the following periods. 

Figures 4-4 and 4-5 show examples of visible and infrared SMS 
images. The following discussion of the cloud cover analysis 
procedures will refer to these two images. Cloud cover analysis 
was done by technicians who visually extracted the information from 
the images and encode it on computer forms. A transparent overlay 
such as shown in Figure 4-6 and 4-7 is placed upon the images on a 
light table. The analyst then defined polygons enclosing uniform 
or nearly-uniform cloud types in the visible images, and cloud 
brightness in the infrared images. For each polygon the analyst 
determined cloud types and amounts in eighths and the latitude- 
longitude vertices of the polygon. Seven cloud types were identified 
in the visible images: cumulonimbus, nimbostratus, cumulus congestus, 

stratus, stratocumulus, cumulus humilis, and cirrus. Two classes' 
of brightness were identified in the infrared images: 1) bright, 

having a gray-white appearance; and 2) very bright, having a white 
appearance. 

Figures 4-6 and 4-7 include the corresponding computer listings 
of the encoded cloud-polygon information contained in the SMS 
images shown in Figures 4-4 and 4-5. Each line represents data for 
one polygon. For example, the first line at the bottom of Figure 
4-4 shows the analysis for the polygon covering northwestern North 
Dakota. The data were for day 181 (June 30) at 23:45 GMT. The 
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Figure 4-4: An example of a Synchronous Meteorological Satellite (SMS) image in the visible, 

used for cloud cover estimation. The image was taken at 23:34 GMT, 30 June 1975. 



4-10 beproducibiuty of th 

ORIQiNAL PAGE IS POOR 



Figure 4-5: An example of Synchronous Meteorological Satellite (SMS) image in the infrared 

used for cloud cover estimation. The image was taken at 0145 GMT, 30 June 1975. 
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POLYGON VERTICES 

181 

234500 CO 020003 

50.5 

96.2 

49.1 

96.0 

49.0 

98.3 





161 

23456020000004 

AS. 9 

95.7 

45.3 

94.0 

45.6 

97.2 

47.6 

98.1 



181 

23450000040004 

45.2 

94.2 

44.4 

93.8 

42.7 

94.8 

45.3 

95.1 



181 

23457010000004 

47.3 

98-1 

45.6 

97.3 

44.3 

98.3 

45.0 

100.0 



181 

23450000020003 

49.0 

104.3 

49.0 

97.7 

46.2 

104.1 





181 

23450070000004 

45.0 

102.8 

44.7 

101.4 

43.1 

100.8 

43.8 

103.3 



181 

23454010000004 

42.5 

102.9 

42.0 

102.1 

40.4 

103.4 

41.3 

104.0 



161 

23450020000004 

45.2 

107.4 

44.6 

104.0 

43.9 

103.9 

44.2 

107.8 



181 

23450000030004 

49.9 

105.7 

49.6 

105.2 

48.5 

105.9 

49.1 

107.9 



181 

23450020030006 

51.0 

107.0 

50.0 

105.7 

49.1 

108.1 

48.2 

109.0 

48.9 

109.9 50.0 109.3 

181 

23450500000005 

49.0 

113.0 

50.0 

109.4 

48.8 

109.9 

48.0 

109.0 

47.2 

111.3 

181 

23450000030004 

41.0 

104*0 

4l.0 

102.0 

39.0 

102.0 

39.6 

104.0 



181 

23451030000004 

40.0. 

97.0 

40.0 

96.0 

39.0 

96.0 

39.0 

97.0 




Figure 4-6: Overlay for SMS image analysis. The heavy dashes outline the area of the cloud cover 

analysis corresponding to a "rectangle" for which 206 £ I £ 232 and 335 £ J £ 362. 
Shown on the overlay is the polygon cloud cover analysis for the SMS visible image 
presented in Figure 4-4. At the bottom is the corresponding computer listings of the 
encoded cloud-polygon information contained in the SMS image. 
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181 

181 

181 

181 

181 

161 

181 

181 
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Figure 4-7 
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45.0 
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45.7 
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41.3 
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40.4 
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44.5 

93.7 

43.0 

93.0 

42.8 

94.0 

41.0 

104.0 

41.0 

102.0 

39.0 

102.0 

40.0 

97.0 

40.0 

96.0 

39.0 

96.0 


POLYGON VERTICES 


49.6 

lOl.O 

51.5 

101.0 

52.8 

100.2 

47.6 

lOl.O 

47.0 

102.1 

49.6 

101.0 

46.0 

97.4 

45.8 

98.8 

47.0 

99.0 

46.3 

102.7 

47.0 

102.1 

47.6 

101.0 

46.9 

103.8 

46.9 

105.5 

48.2 

104,7 49 

45.5 

107.4 

48.5 

105.3 



45.5 

107.3 





45.3 

110.2 





45.5 

110.1 

46.8 

111.3 



44.5 

102.4 





41.3 

107.0 

42.0 

107.5 

43.2 

104.5 


41-3 107,0 

39.0 104,0 

39.0 97.0 


6 


103.2 ’ 


Overlay for SMS image analysis showing the cloud cover analysis and the corresponding computer 
listings for the SMS infrared image presented in Figure 4-5* 


next seven digits represent the cloud amounts in eighths for each 
of the seven cloud types mentioned.- In this example the analyst 
estimated two-eighths of cumulus humil.is. The next two digits 
represent eighths of very bright and bright areas in the infrared 
images, and are used only for infrared image analyses. . The last 

“ » X 

digit in this group is the number of vertices in the polygon; three 
in this example. 

The next set of numbers are latitude-longitudes of the cloud 
polygon vertices,' which are used to determine the I, J met cells in 
the polygon. The cloud amounts and types determined for a polygon 
are assigned to each of the I, J cells in' the polygon- and used by 
the METRUN subprogram with ground station data to calculate ETP and 
precipitation for each cell. The procedures for these calculations 
will be discussed in Section 6. 

4.3 Historical and Climatological Data 

A variety of historical and climatological data has been 
collected' and processed during the study. This data is in five 
basic forms; 1} station weather observations at 3-houf intervals, 

2) station daily temperature extremes and precipitation, 3) station 
daily class A pan evaporation, 4) monthly temperature, and precipitation 
for climatic divisions, and 5) county annual summaries of spring 
wheat planted and harvested acreage and total production. 
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4.3.1 Station 3-hourlv Observations 

Weather Observations at 3-hour intervals were obtained 
on magnetic tape covering the months April through September 
for the years 1950 through 1974. These data were for five 
stations: 

Fargo, North Dakota 
Great Falls, Montana 
Huron, South Dakota 
Pierre, South Dakota 
Wil listen. North Dakota 

The data consists of a complete synoptic report each . 
three hours, the data actually used for our purposes were 
temperature, dew point, wind speed, and cloud types and amounts 
at six-hour intervals. These quantities are used to calculate 
daily values of evapotranspiration potential (ETP). The 
method used for ETP calculation is that of Penman discussed in 
detail in Section 6. No. ETP calculations could be made for 
Pierre, S.D. due to the lack of cloud type information in the 
data base. 

The twenty-five years of ETP values were used in two 
applications. One was the calculation of daily soil moisture 
and plant stress to support the. yield model evaluations. 

The other was to .support the weather simulation analyses. 

4.3.2 Station Daily Weather Summaries 

Daily values of maximum and minimum temperature and 
total precipitation were obtained on magnetic tape covering 
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the months April • through Septpber beginning in 1950. Data- 

for fourteen stations were acquired: 

St. Cloud, Minnesota 
Billings, Montana 
Glasgow, Montana 
Great Falls, Montana 
Havre, Montana 
Miles City, Montana 
Bismarck,- North Dakota 
Fargo,. North Dakota 
Williston, North Dakota 
Aberdeen, South Dakota 
Huron, South Dakota 
Rapid City, South Dakota 
Sioux Falls, South Dakota' 

Sheridan, Wyoming 

These data have been in ETP calculations and in the 
calculation of daily. soil moisture and plant stress and In the 
weather simulation analyses. Historical yield estimates were 
prepared from these overall analyses. 


4.3.3, Daily Evaporation Data 

Daily values, of reported Class A Pan evaporation data 
were obtained in hard copy format in the NOAA publication 
"Climatological Data"' for each of the four states for the 
months April through September of 1950-1974. The number of 
reporting stations varies from year to year within the states, 
but in general, 3 to 10 stations report each month in each 
state. These data were used to verify the calculation technique 
for ETP and to facilitate spreading of the four-point ETP 
calculations throughout the region. Figure 4-8 shows the 
distribution of average daily pan evaporation for the decade 
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Figure 4-8: Average daily evaporation (1950-1974) for the ten-day period 

July 10 to July 19. 



July 10-19. Circled values are calculated ETP averagers for the 
same decade. 

4.3.4 Divisional Climatic Data 

These data are in the form of a computer listing and 
contains, for each of the 34 crop reporting districts in the 
four states, month-by-month average temperatures and precipitation 
total for the years 1931-1974. These data have been used in 
several evaluations, primarily in the formulation and use of 
algorithms to estimate historical planting' dates and initial 
soil moisture content needed for the historical soil moisture/stress 
calculations. Using planting date information from Nuttonson 
(1955), a set of 60 data points was established for various 
years between 1934 and 1952 at five locations distributed 
through the region. Four predictive parameters were selected: 

1) mean March temperature, 2) mean April temperature, ranking 
of the 3) March and 4) April precipitation totals within the 
44-year data set. A subjective approach was derived in which 
advances or setbacks in planting date were accumulated as. 
these parameters or combinations of them fell within certain 
bounds. The weighting factors were iteratively tuned to bring 
as many as possible of the predicted planting dates, within ten 
days of the reported. 

A subjective approach was also used to’ estimate the 
moisture content of the soil at the start of each historical 
growing season. The input parameters were the summed departures 
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from normal rainfall in the previous growing season and the 
total Tate summer and fall rainfall which followed the previous 
growing [season. 

4;3-.5 Soring Wheat Acreage and Production 

This information consists of a magnetic tape and hard 
copy listing of spring wheat acreage planted, acreage harvested 
and total production at the county level for North Dakota 
(1929-1973), South Dakota (1926-1974) and Montana (1919-1974). 

For Minnesota (1921-1973), data is at the crop reporting 
district level and no planted acreage is .given. This information 
is used to calculate yields and to examine technology adaptation 
trends. Table 4-3 is an example of processed output for the 
state of South Dakota. The area shown is the harvested area 
and ,is the basis for the yield ca.lculation. The percent abandonment 
gives the percentage of planted area that was not harvested, 
and points out three particularly disastrous years: 1933, 

1934. and 1936. Figure 4-9 is a visual display of this same 
data, where, the numbers plotted indicate abandonment to. the 

nearest ten percent (i.e., 1 = 10%, 2 = 20% x = 100%). 

A rough cyclical pattern is observed: low yields in the 30' s, 
higher yields in the 40's, low yields in the 50's and improving 
yields, through the. 60 *s as agricultural practices, were refined. 

This cyclical pattern is observed to an extent throughout the 
spring wheat region. 
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TABLE 4-3: ' Historical spring wheat data (from NOAA CCEA). 


SOUTH DAKOTA 


YEAR 

AREA 

PRODUCTION 

YIELD 

PERCENT 

( 

1000 ACRES) 

/aoOO BUSHELS) 

<BU/A) 

ABANDONMENT 

1926 

2231.0 

13294. 

. 5.96 

21.1 

1927 

■ 30B4.0 

45751. 

14.83 ■ 

1.7 

1928 

3550.0 

• 3bn9. 

10.34 

2.9 

1929 , 

3508.0 

33734, 

9.62 

4.6 

1930 

3586.0 

41239. 

11.50 

4.5 

1931 

2807.0 

16672. 

5.94 

14.8 

1932 

3660.0 

48153. 

13.16 

1.2 

1933 

976.0 

3860, 

3.95 

75.4 

1934 

117.0 

5-48. 

4,68 

. 95.7 

1935 

3033.8 

23785. 

7.84 

12.6 

1936 

727,0 

3405. 

4. 68 

81 .4 

1937 

2653.0 

14276, 

5.38 

23.5 

1938 

2971.0 

26801, 

9.02 

20.1 

1939 . 

2075.0 

17151. 

8.27 

23. 1 

1940- 

2586.0 

25137. 

9.7? 

11. 1 

1941 

•2714.0 

33708, 

12.42 

4.8 

1942 

2502.0 

39414. 

15.75 • 

3.2 

1943 

2724.0 

2B468. 

10,45 

6.6 

1944 

2854,0 

35010, 

12.27 

3,5 

1945 

'2953.0 

45688. 

15.47 

3.7 

1946 

3280.0 

47653. 

14.53 

2,7 

1947 

3349.0 

47079, 

14,06 

■ 2.7 

1948 

■ 3613.0 

47237. 

13.07 

2.7 

1949 

3833.0 

29455, 

7.68 

5.5 

1950 

3054,0 

29523. 

9.67 

4.3 

1951 

3542.0 

51726. 

14,60 

1.8 

1952 

3529,0 

26145. 

7,41 

4 • 6‘ 

1953 

3137.0 

26357. 

8.40 

6.6 

1954 

2379,0 

2238.1 . 

9.41 

1.8 

1955 

2077.0 

21809. 

10.50 

3.7 

1956 

- 1394.0 

12416. 

8.91 

39.7 

1957 

1610.0 

29549. 

• 18.35 

1.6 

1958 

1'832.0 

38472, 

21.00 

3.1 

1959 

1505.5 

11334. 

7.53 ■ 

27.8 

1960 

1734.0 

28903. 

16.67 

2.7 

1961 

1686.0 

22213. 

13.17 

8.3 

1962 

1273.0 

24896. 

19.56 

2.0 

1963 

1498,0 

19583. 

13.07 

1.6 

1964 

1598.0 

22484. 

14.07 

3.7 

1965 

1634.-0 

29058. 

17.78 

1,5 

1966 

1627.0 

24831., 

15.26 

3.3 

196? 

1806.0 

43976. 

24.35 

1.6 

1968 

1684.0 

39571. 

23.50 

2.9 

1969 

1-278,0 

26526. 

20.76 

7, 1 

1970 

1289.0 

25188. 

19,5^ 

3,4 

1971 

1614.0 

45554. 

28.22 

2,0 

1972 

1207.0 

30538. 

25,30 

3.1 

1973 

218.5 

5095. 

23.32 

2.0 
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Figure 4-9: ' Graphical display of S* Dakota yield data 1919-1973. 

(Numbers, i.e. 1, 2, 3 8 are 'percentages of abandoned acreage.) 
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4.4 Ground Truth 


4.4.1 University Subcontracts 

A subcontract was negotiated with Montana State University 
and an identical one with North Dakota State University each 
containing the following statement: 

Requirements for the subcontract include the following: 

(!) Neutron probe soil moisture profile measurements 

in, 

(a) Three soil categories 

Fine Textured Loam 
> 150 mm Plant Available Moisture 

II. Coarse Texture Sandy Loam 

■ 100-150 mm Plant Available Moisture 

III. Saline or Other Limited- Profile 

Mixtures with less than 100 mm water 
available to plant 

(b) Depth SFC - 10 cm, 10-40 cm, 40 cm-100 

(c) Timing- weekly or at: 

Emergence 
Jointing 
Heading • 

Sof-t Dough 
Ri pe 
Harvest 
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Both Universities chose to acquire additional data on soil 
moisture values at greater depths. Appendix III presents the 
data acquired by each sub-contract. These data have been used 
extensively in evaluations of system element performance. 

4.4.2 Soi-1 Moisture Data Considerations- 

Several limitations are to be noted with respect to the 
neutron probe data. Some of these points are presented in the 
reports by each of the subcontract Project Investigators but 
they will be presented here for clarity: 

(a) The late award of the primary contract delayed entry 
•into the field thus alT growth stages were not 
covered. 

(b) Because of the late, start, some of the probe access 
holes could not be located .in the field, rather they 
had to be located on the boundary of the field which 
often had a reduced plant density. 

(c) All soil textures were not equally present in all 
sites. Therefore the samples are not all inclusive. 

(d) ' The Montana sites have some problems regarding the 

slope around the probe access hole. Runoff will be 
affected by the micro-slope as well as by evaporation 
due to aspect. 

(e) -Gravel conditions were present in Montana. These 
conditions will influence the moisture holding; 
capacity and the soil moisture release characteristics. 
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A meeting was held with the Project Investigators to 
discuss these limitations in October 1975. The concensus 
regarding the items noted in a-e was that care should be taken 
in data evaluation and that an early start is absolutely 
required, i.e., first week in May in any future program. They 
felt- that the acquired neutron probe data were acquired as 
carefully as possible but there are inherent limitations to 
the approach. North Dakota overcame one limitation of the 
neutron probe approach, i.e. , near surface inaccuracy, by 
taken gravimetric measurements for the top 10 centimeters. 

4.4.3 Description of USDA Ground Truth Data 

There are four types of data collected for the USDA 
Ground Truth program: Inventory, ground observation, rainfall, 

and yield. Inventory data is generally collected at the 
beginning of the season and contains information such as crop 
type and field size which should remain constant throughout 
the season. 

Ground observations are taken for a subset of fields in 
a test site and are scheduled’ every 18 days to coincide with 
the’ ERTS pass. Ground observation data contains information 
pertaining to the current crop condition 'such as plant height, 
growth stage, yield detractants, stand quality, etc. Rainfall 
data may be collected several times between ground observations 
and an individual rainfall data card appears for each occurrence 
of rain. A cumulative total of the amount of rain between 
ground observations is included on the ground observation 
card. 
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Yield data Is collected -for wheat fields only. 

Forty- two test sites are included in the DSDA Ground 
Truth program, however, only 10 lie within the region of 
interest. Only 9 of the 10 sites have reports. The following 
information was extracted from these 9 reporting test sites: 

1 . Growth Stage 

2. Stand Quality 

3. Rainfall data for all fields 

4. Weed Growth 

5. Yield Detractants 

6. Field Operations 

7. Surface Moisture 

8. Ground Cover 

Software was developed to read the USDA master tape-, 
edit and produce a listing of all pertinent data entries, keep 
a summarization table, indexed by crop type (spring vs. winter 
wheat) and observation date, of growth stage, stand quality, 
ground coyer, surface moisture, weed growth, field optns., and 
yield detractants for each site. 

There are two "super sites" in the USDA program where 
ground observations are taken roughly every 9 days. One of 
these, Williams County, N.D. is in the region of interest. 

The Williams site contains no winter wheat fields but 
has at the present reported observations for spring wheat 
fields on the following dates: 5-27-73, 6-3-75, 6-4-75, 6-13-75, 

6- 24-75, 7-T-75, 7-2-75, 7-9-75, 7-10-75, 7-17-75, 7-18-75, 

7- 28-75, 7-29-75, .8-5-75, 8-6-75, 8-14-75, 8-15-75. It 
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should be noted that dates occurring in consecutive pairs 
{i.e., 7-1-75 and 7-2-75) are considered the same observation,’ 
with part of the site reporting on the first date and the 
remaining part on the second. For each date, a separate 
summary sheet is printed. 

Looking at the summary (Figure 4-10) it can be found 
that 325 fields (9428 acres) were reported by inventory cards 
to be planted in spring wheat. Of these 325 only 55 (.2107 
acres) were included in the ground observation data. Each of 
the seven crop variables is listed followed by its corresponding 
list of numerical values and a brief description of the meaning 
of these values. Beside the list of values is a list of the 
number of acres, and the percentage of "total acres to which 
each value was assigned on that particular date. For example, 
on 6-3-75 165 acres (7.8%) were in Growth Stage #2 (planted - 
no emergence) and 1942 acres (92.2%) were in Growth Stage #3 
(emergence). In this case the total percentage equals 100 but 
if some fields had neglected to report growth stage the total 
percentage would reflect this. When viewed consecutively 
(Figure 4-11) the summary sheets provide a chronological crop 
history for each test site. (Figure 4-11 graph of USDA. data). 
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DATE 

5/ 3/75(154) 


LAND use CODE C CROP TYPE 
100 SPRING HHEAT 


325 FIELDS PLANTED KITH SPRING WHEAT 
9428. ACRES PLANTED WITH SPRING WHEAT 


GROUND OBSERVATIONS REPORTED FOR 55 FIELDS 
GROUND OBSERVATIONS REPORTED FOR 2107. ACRES 


GROUND ACREAGE IN 

COVERI?) CATEGORY 

1 0- 19 1957.01 92,9*) 

2 20- 39 O.0( 0.0*) 

3 40- 59 O.Ol O.OS) 

4 60- 79 0.0( 0.0*) 

5 80-100 0.0( 0.0*) 


SURFACE MOISTURE 
CONDITIONS 

1- OBY 

2- OAMP 

3- WFT 

4- stanoing water 


ACREAGE IN 
CATEGORY 
2107.0(100.0*) 
0 . 0 ( 0 . 0 *) 
0 . 0 ( 0 . 0 *} 
0 . 0 ( 0 . 0 *) 


WEED GROWTH 

1- NEGLIGISLF 

2- SLIGHT 

3- HOOERATE 

4- HSAVY 


ACREAGE IN 
CATEGORY 
2107.0(100.0*) 
0 . 0 ( 0 . 0 *) 
0 . 0 ( 0 . 0 *) 
0 . 0 ( 0 . 0 *) 


G9DWTH STAGES . ACREAGE IN 

CATEGORY 


Ol-NOT PLANTED 

0«0( 

0.0%) 

02-PLANTED NO EMERGENCE 
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5.0 "SYSTEM" TEST OVERVIEW DISCUSSION 

The EarthSat Spring Wheat Yield Model System was implemented and 
test run over the hard red spring wheat regions of Montana, N. Dakota, 

S. Dakota and western Minnesota during the period 1 June - 30 August 
1975. This period included crop phenologies from approximately jointing 
to ripe in the southern counties of S. Dakota and Minnesota and near 
planting to ripe over the northern counties of S. Dakota, all of N. Dakota 
and Montana. The discussions in the remaining sections of Section 5, 
and in Sections 6, 7 and 8 will provide; {aj an agronomic review of the 
1975 Spring Wheat Growing Season, (b) describe the "System" functional 
elements and internal data flow (c) define operating costs, (d) discuss 
in detail the performance, i.e. , errors and sensitivities of each of the 
"System" functional elements. 

5.1 Agronomic Review of 1975 Spring Wheat Growing Season 

The spring wheat planting season was late in all areas due to 
cool wet conditions. Normally late planting of spring wheat results 
in lower than normal yields, however the effect of the late planting 
during the 1975 season varied from state to state. In Montana, the 
planting season was completed- approximately by the middle of .June, 
which is two to. three weeks later than normal. During the growing 
season, Montana had above normal levels of soil moisture, Table 5-1 
presents temperature and precipitation averages by state and CRD for 
1975. Moreover, the fall season remained warmer than normal with 
the result that production was much better than normal. 

In South Dakota, the planting started later than normal but 
harvest started at the normal time. South Dakota experienced good 
growing conditions after planting through the end of June. Starting 
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TABLE 5-1 


JULY AUGUST 




with the first week in June dry winds reduced soil moisture. More- 
over, high temperatures occurring during the first, third, and 
fourth weeks in July increased the rate of ripening. The enhanced 
ripening rate influenced head filling significantly thereby re- 
ducing yields in southern South Dakota. The western and northwestern 
parts of the state escaped severe drying effects. The hot dry 
winds extended into the south central zone of North Dakota but the 
effects were not as severe as in South Dakota. 

Except for the south central region of North Dakota, the 
growing conditions of the spring wheat were better than normal in 
the northwest and the northeast corners of the state. Like Montana, 
the northern tier of counties in North Dakota had a warm fall so 
that no difficulty was experienced during the ripening stages in 
the harvest of the crop. Minnesota had also a late start in planting 
but finished at approximately a normal time. 

In general, the late plantings of spring wheat suffered more 
from the effects of hot dry winds than did the earlier plantings. 
During Mid July, on lighter soils, some of the leaves died back. 

Some abortion of spiklets within the head were observed in S. Dakota. 
Montana had an excellent year in spite of the poor prospects normally 
associated with late planting in that state due to the combination 
of unusually high soil moisture through the season and warm fall. 

In North and South Dakota below average rainfall during July was 
compounded in S. Dakota by the occurrence of unusual durations of 
hot dry winds. 
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5.2 "System" Functional Elements and Data Flow Discussion 
The EarthSat "System" consists of three main functional 
elements,: 

(a) The Plant Environment Diagnostic element 

(b) The Plant Growth/Hoi sture Stress Diagnostic element 
(,c) The Phenology/Stress Yield Predict, element 

Figure 5-1 presents the overall data flow structure within the 
system and identifies the various report volumes (maps and/or 
listings) that are produced by the current system. Appendix II 
presents a discussion of the operational daily implementation of 
the "System". Appendix IV provides, detailed software documentation. 
The test system is currently constrained to IBM 360/370 series 
systems that have capabilities equal to or greater than the IBM 
360/50.' 

5.2.1. Data Flow and Error Checking 

The overall data flow into and through the system is 
largely automated. The initial processing phases of the 
satellite data, ground weather observations, soils data, 
initial soil moisture, growth stage, etc. have, in this 1975 
test year utilized manual processes to transform raw hard copy 
data into digital formats. The processes employed in this 
manual phase are documented in Section 4 and portions of 
Section 5. Detailed documentation of the error check software 
is in Appendix IV. A series of both internal and external 
logical error checking routines have been .introduced into the 
initial processing modules. 
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EarthSat "System" data flow and report schedules. 
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5.2,2 Internal Data Flow 

The process of storing data on tape or disc for subsequent 
use constitutes the majority of internal data flow problems. 

The EarthSat A'GMET “System" uses data internally in either I, J 
or I, J, K formats. The logical handling of these data requires 
efficient file manipulation techniques. 

The system files include two historic and two current 
archive files. The historic files are only read and are 
therefore never updated; the current archive files are contin- 
uously updated to reflect current IjJ orI,JjK' status. 

The historic files contain soil type, .planting data, location, 
etc. while the current archives contain soil moisture, growth 
Stage’s etc. • 

The major logical processing elements shown in Figure 
-5-2 use various historical or archive files.- Diagnostic I 
uses the meteorological historical- file in an I, 1 format, the 
old meteorological archive file in I, J format and produces' a 
new I, J format meteorological file. The Stress Diagnostic 
uses the new meteorological archive in I,'J format, the Agronomic 
historical archive in. I, J, K format and produces a new I, 0, 

K format Agronomic archive file. The Predict Yield processor 
utilizes the I, J, K format .Agronomic historic and Agronomic 
archive and produces printer output. No data file is created. 

The speed of -processing in the EarthSat "System" was a 
major consideration- because of the large amounts of data in 
the system. -An analysis early in. the study program. indicated 
that the use of Assembler I/O rather than FORTRAN would increase 
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the system speed dramatically. The decision was made to 
rewrite the file handling into Assembler and an increase in speed 
by a factor of 2-20 was achieved for both wall, clock time and 
CPU time as compared with the original FORTRAN version. IBM 
ASSEMBLER F was the primary language used. 

5.2.3. Hard Copy Output 

The EarthSat AGMET System produces a large amount at 
printed output. Section 5.4 will discuss the overall data 
base generated by the 1975 spring wheat test program. 

5.3 Test Region Characteristics 

The test region which was selected to provide a relatively 
wide range of latitudes, soils, climates, and farm technologies. 

The data to be presented in later sections generally show that the 
selected area was a good one. 

5.4 System Test Data Base Discussion 

The project objective was to "test EarthSat* s Spring Wheat 
Yield Model System." The test data base for the "System" and each 
sub-element was .developed by daily operations of the full "system" 
over the four states which contain 29 USDA Crop Reporting Districts 
(CRD's), 216 counties and approximately 1560 of the 12.5 X 12,5 n.m. 
cells used in the diagnostic elements of the system. The "System" 
component elements and the test data base which has been generated 
for 1975 are included in the following, sections. 
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5.4.1 Plant Environment Diagnostic Data 

The plant environment diagnostic element of the "System" 
has provided the following basic and derived data on a daily 
basis for the period 1 June - 1 September. The data base 
developed by this diagnostic element is on the 25 n.m. 1, J 
grid mesh which covers the test states, the boundary regions 
of the test states and two selected lysimeter sites at Manhattan, 
Kansas and Akron, Colorado. The data include: . 

Basic 

(!) • Temperature (6 hour actuals, maximum and minimum) for 39 
first order stations and interpolated to 756 1, J's. 

(2) Dew point (6 hour actuals) for 39 first order stations 
and interpolated to 756 1, J's. 

(3) Wind speed (6 hour actuals) for 39 first order stations 
and interpolated to 756 1, J's. 

(4) Cloud amount and type (6 hour actuals). 

(5) Ground observed precipitation {6 hour and 24 hour actuals) 

Derived 

(1) Wheat field albedo {derived from the BMT calculations.) at 
756 1 J's. 

(2) Satellite cloud amount and type estimates, i.e., 7 visible 
cloud types and 2 IR brightness types (derived from the 
SMS images at 6 hour intervals) for 756 1, J's. 

(3) Satellite precipitation estimates (derived statistically 
from the cloud data) at all appropriate locations for 6 
hours, 24 hours and 7 days total. 
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{’4) Incoming Solar, radiation (RSOL) attenuated by atmospheric 
water content, cloud type and amount (derived from the 
satellite cloud field for daylnght hours) at 756 I, J’s. 

(5) Net radiation (RNET), each 24 hours derived from satellite 
cloud data and ground observations at all 1, J's. 

(6) Potential evapotranspiration (ETP) (derived from satellite 
and ground data using a modified Penman approach) at 24 
hour intervals at 756 1, 0,'s. 

(7) Precipitation estimates (derived from the satellite cloud 
data and the ground precipitation observation) for each 6 
.hours, 24 hours and 7 days. 

5.4.2 Plant Growth/Moisture Stress Diagnostic Data 

The plant growth/moisture stress diagnostic operates in 
the 12.5 X 12.5 nautical mile cells and utilizes as basic 
inputs the Precipitation and ETP diagnoses from the Plant 
Environment Diagnostic spread equally into the four K cells 
which surround -each 25 n.m. L, J grid point. Tjie data developed 
during the test by this diagnostic- .element includes: 

(1) Total soil moisture and 3 zone soil- profiles in each of 
the. 1560 K cells each 24 hours. 

(2) Actual transpiration (ET) in each of, the 3 zones derived 
from calculations using the Baier ET model, and the Robertson 
3MT models in each of the 1,560 cells at 24 hpur intervals. 

(3) ' Plant growth stage (BMT) derived from the Robertson BMT 

models for each cell at 24 hour intervals. (BMT stages 
will vary from I,. J, K to I, J, K, as the planting date 
changes in the K cells). 
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ET 

,(4) ‘ Stress derived from the -relationship 1- ETP is derived 
daily using the Baier model for ET and the previously 
discussed ETP. Stress values are available in the system 
for each .24 hours and also for averages over each of the - 
five phenology intervals at all the 1560 K cells. 

5.4.3 Phenology/Stress Yield Predict Data 

The yield model represents the integration of each of 
the data elements, basic and derived from each of the other 
functional elements. The yield element provides data which 
represents an end of year yield estimate aggregated at several 
levels; 

.(1) Cells 

(2) Countries 

(3) Crop Reporting Districts 
C4) States 

These. levels of aggregation (and disaggregation) provide 
an ability within the EarthSat system to explain unexpected 
yields through ground' observation, remote sensing (ERTS), etc. 

The data base afforded by the 1975 crop year test 
operation is extensive and provides a substantial basis for 
detailed quantitative analysis of each functional element of 
the "System''. The- results achieved are the subject of the 
following sections of this report. 
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5.5 “System" Cost 

The implementation and operation of the EarthSat "system" in 
1975 provide a partial basis for estimation of future operating 
cost. Estimated total cost for setup and operation of the "system" 
was $19,616.00, of this figure $13,116.00 was labor cost and 
$6,500.00 computer cost. A breakdown of the component costs of 
setup and operation is shown in Table 5-2.' 

Setup costs are incurred in creating the data bases, season 
initialization data files. Costs in this phase of system generation 
are labor oriented as shown in Table 5-2. Assuming that necessary 
meteorological and agronomic data are readily available, system 
setup is linearly dependent on the geographic area {approximately 
1,600 active cells) processed. Therefore, a linear increase of the 
setup subtotal (Table 5-2), is a fair estimate of the cost to set 
the system up for any geographic area. 

Operational costs for day to day operation are clearly dependent 
on the area size. During 1975 all meteorologic daily data was 

V 

manually prepared and operational labor costs- reflect this. The 
operation costs (Table 5-2) given are for the 1,600 cells processed 
for 91 days, during the 1975 growing season. 
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.System Cost Summary 

System Setup Costs; 

LABOR 

Systems analyst 

0 $8.00 for hours $1 ,600 .00 

Meteorologist 

@ $6,00 for 160 hours $ 960.00 

Technician 

@ $3.00 for 32^ hours $ 960.00 

COMPUTER $ij000 • 00 

SETUP Subtotal $4,520 .00 

System Operation 
LABOR 

System Analyst 


- 0 $8.00 for 208 hours $T,664 . 00 

Meteorologist 

0 $6.00 for 724 hours- $4,344. 00 

Technician 

0 $3.00 for 1 ,196 hours $3,588. 00 

COMPUTER $5,500 .00 

OPERATIONAL Subtotal $ 15,096 .00 


Total Cost $.19,616.00 


*Unburdened 


TABLE 5-2 
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6.0 PLANT ENVIRONMENT DIAGNOSTIC DISCUSSION > ERROR ANALYSIS AND 
SENSITIVITY ANALYSES 
6.1 Precipitation Diagnoses 

Precipitation reports are available every six hours from about 
two dozen stations in the area of interest (see Figure 4-2). These 
are used in conjunction with cloud cover determined from SMS imagery 
to derive precipitation estimates in those I, J cells which do not 
have precipitation reports. The technique employed in estimating 
precipitation from cloud cover is based upon "calibration" of cloud 
types as to their rain potential, and is a refinement, of a tech- 
nique used by Follansbee (1973). Follanbee's equation for estimating 
24 hour average areal precipitation from cloud cover is: 

P (24 hour) = Cb + k^N^ + k^Cc 

where Cb, Ns, and Cc represent percentage of cumulonimbus, nimbo- 
stratus, and cumulus congestus clouds and , k 2 > k^ are coeffic- 
ients of 24 hour rainfall potential for each of the three rain 
producing cloud types. 

Our modified Follansbee equation for six-hour precipitation 
amount for an I, J cell is: 

P (6-hour) = [k Cb + k Ns + k Cc]F- [6-1] 

I ^ O 

where k^, k 2 » k^ are coefficients for 6-hour rainfall potential. 

The initial values for k^, k^ were derived from those given by 
Follansbee for 24 hours scaled down a factor of four for six-hours. 
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and scaled down another factor of 2.5 to account for the fact that 
air masses in the north central U.S. have less moisture than the 
subtropical air masses considered in Follansbee analysis. Additionally, 
the values of the coefficients are scaled up or down each week by 
the ratio of precipitation estimated to precipitation observed at 
the 24 stations in the area. 

When cloud cover is expressed by a fraction (0 to 1) and 
precipitation is in mm/6-hour, the initial values of the coeffic- 
ients (used in the first week, 1-6 June, calculations) become: 

k^ * 2.12; k^ = 0.507; k^ = 0.042 

F is an adjustment factor calculated from precipitation ground 
reports and satellite cloud cover at the location of the ground 
reports as follows: 

n n 

F = l: P„/ E [6-2] 

1 K 1 t 

The numerator is simply the summation of the reported 6-hour pre- 
cipitation, P , at stations 1 to n. The denominator is the summation 
K 

of the estimated 6-hour precipitation, P^, for the I, J cells of 
the stations 1 to n, and is calculated by: 

P^ = k,Cb + k Ns + k Cb [6-3] 

El 2 3 

F is not allowed to exceed 3 or to be below 1/3. In these cases F 
is set equal to 1. These are arbitrary limits meant to exclude 
conditions of insufficient cloud cover information or insufficient 
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rainfall reports over the ground stations, which would make the 
calculation of the factor F unreliable. 

When only infrared images are available (00-06 GMT and 06-12 
GMT intervals) then the equation used is simply; 

Pg = [!<^B]F [6-4] 

where B is fraction (0 to 1) of brightest (coldest) area-; is an 
empirically determined constant, and F is an adjustment factor 
calculated by: 

F = " Pp/ " M [6-5] 

1 K 1 4 n 

F is calculated from the available stations rainfall reports and 
the observed infrared brightnesses above these stations. Again, F 
is not allowed to exceed 3 or to be below 1/3. In these cases F is 
set equal to 1. 

An initial value of k^ = l/3(k^ ^ ^ ~ 0.890 was chosen 

for the first week (1-6 June 1975 calculations). Each following 
week the value of k was scaled up or down by the ratio of precip- 
itation estimated to precipitation observed at the 24' stations in 
the area during the 12 hour period (00-12 GMT.) in which infrared 
images are used for the precipitation estimates. 

Figures 6-1 to 6-3 present samples of the precipitation maps 
produced daily by METRUN from the cloud cover analysis and ground 
station reports. Although precipitation is entered once per 24 
hours in the AGRUN, it is calculated by METRUN for every 6-hour 
interval and then summed for the 24 hours. Figures 6-1 and 6-2 are 
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Sample computer printout map of rainfall (in mm x 10) for the period 00-06 GMT, 30 June 1975 
produced by Subprogram METRUN, Rainfall values for each I, J cell were calculated as 
explained in text from the SMS infrared image shown in Figure 4-4. Circled values are 
actual rainfall reports for the same time period. 
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Sample computer printout map. -of rainfall (in rrni x 10) for the period 18-24 GMT, 30 June 1975 
produced by Subprogram METRUN. Rainfall values for each I, J cell were 'calculated as 
explained in text from the SMS visible image cloud cover shown -in Figure 4-4. Circled 
values are actual rainfall reports for the same time period. 
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Figure 6-3: 

Sample computer printout map of rainfall {in mm x 10) for the period 00-24 GMT, 30 June 1-975 
produced by Subprogram METRUN, as explained in text. Circled values are actual rainfall 
reports for the same period. 
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the computer- produced precipitation maps for June 30, 1975, for 00- 
06 GMT and 18-24 GMT, obtained from an analysis of SMS images shown 
in Figure 4-4 and 4-5. Values of station observed precipitation 
are encircled. Figure 6-3 presents the total precipitation for 
30 dune. 

6.2 Precipitation Error Analysis 

In comparing the METRUN precipitation estimates with precip- 
itation observations to determine how good the METRUN estimates 
are, we should be aware that the point precipitation observations 
themselves have errors when these are translated to area averages. 

We will, therefore, define the range of these errors before pre- 
senting the comparisons with the METRUN estimates. 

For the error analysis on the precipitation observations we 
shall apply results obtained by other researchers that have analyzed 
precipitation variability in the Midwest U.S., and results obtained 
by our own analyses. 

6.2.1 Metcell Rainfall Analysis 

When the point precipitation observations are trans- 
lated to areal averages they yield values which may depart 
from the true average by an error E. Huff (1972), using 
observations from a dense raingauge network in Illinois, was 
able to express the summertime areal precipitation error by 
means of the following regression equations: 

For monthly rainfall, 

log E = 1.3132 + 0.72 log Pm + 0.73 log G 

- 0.56 log A [6-6] 


6-7 



For Individual storms, 

log E = -1.5069 + 0.65 log P + 0.82 log 6 

- 0.22 log T - 0.45 log A [6-7] 

where E is the average sampling error in inches, 

P is areal mean precipitation in inches, 

2 -1 

G is gauge density in mi (gauge) , 

T is storm duration in hours, 

. . ■ • -2 

A IS area in mi . 

Figure 6-4 Illustrates graphically the Huff precip- 
itation errors expected for an area the size of our I, 0 cell 
(approximately 827 square miles) for one and three obser- 
vations per cell for periods of one summer month, and for 
three-hour storm duration, the median summer storm duration in 
our area of interest. Figure 6-4 may be used only to give an 
order of magnitude estimation of the error because our cell is 
larger than the maximum area (550 square miles) considered by 
Huff, and because, as Huff found, there is considerable difference 
in the magnitude of the storm sampling errors. Table 6-1 
lists the range of concentration of Cooperative Observers 
climatic stations for the Crop Report Districts (CRD) in the 
test area. Cooperative stations reports represent the densest 
precipitation information available routinely. These can be 
obtained from the NOAA Climatic Center a few months after the 
fact. Cooperative stations reports range from about one to 
three per cell, and from 10 to 57 per Crop Reporting District. 
Approximately half take precipitation observations in the 
evening hours (5-6 p.m. ) the rest at all other times of the 
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TRUE PRECIPITATION (mm) 



PERCENTAGE ERROR IN PRECIPITATION ESTIMATE 


Figure 6-4: Percentage error in precipitation estimate for a Met Cel-1 

(827 square miles) with one and with three observing stations 
using Huff's formulas (1972). 




TRUE PRECIPITATION (INCHES) 


TABLE 6-1 


Range of Concentration of Cooperative Observers Climatic Stations (COCS) 
for Crop Reporting Districts (CRD) in the Test Area. 



number 

miles^/COCS 

COCS/cell 

COCS/CRD 

South Dakota 

189 

259-664* 

3.2-1 :i* 

12-35* 

North Dakota 

163 

342-551 

2. 4-1. 5 

10-27 

Eastern Montana' 

204 

467-647 

1,8-1. 3 

32-57 

Western Minnesota 

96 

437-625 

1.9-1. 3 

12-23 


Figures represent maximum and minimum values for Crop Reporting 
' Districts in -the State, 
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day. Although the observation time difference does not appre- 
ciably affect precipitation estimation for periods longer than 
a few days, it essentially reduces in half the usable reports 
on a per day basis. 

In our daily rainfall error analysis, we have utilized 
only those stations that take observations within one hour of 
00 GMT {5-6 p.m., local time). This reduced the number of 
usable Metcells to 239 (32% of total), the gVeat majority 
(164) having only one report. 

Finally, we need to know the range of daily precip- 
itation amounts expected in order to estimate the range of 
errors on a cell basis. Figure 6-5 illustrates such daily 
precipitation amount for June-August 1975 as a frequency 
distribution and as cumulative percentages. A total of 6,399 
rain observations (31% of all observations) from all the 
cooperative stations reporting between 5 and 6 p.m. were used 
to construct Figure 6-5. Thus, we see that approximatley two- 
thirds of the daily rainfall values were below 6 mm (< 1/4") 
and 95% were below 25 mm (< 1"). Figure 6-6 presents, in a 
similar manner, frequency distributions of monthly rainfall 
observed by all cooperative stations during June-August, 1975. 
Table 6-2 presents typical errors in percentage of true precip- 
itation for a Metcell with one, two, or three observations 
covering the range of expected daily (three-hour event) and 
monthly amounts. More than 90% of the times errors in areal 
rainfall estimates for a cell will fall within the four values 
boxed by dashed lines. In the above conclusion we have made 
the implicit assumption that the frequency distribution of the 
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FREQUENCY DISTRIBUTION OF MONTHLY PRECIPITATION 



TO .49 .99 1A9 JS9 2)99^299 149 399 449 499 549 599 649 699 749 799 849 899 949 999 KM93099U49U991249 J299 

MONTHLY PRECIPITATION (INCHES) 



MONTHLY PRECIPITATION UNCHES) 

Figure 6-6; Frequency distribution of monthly precipitation amounts 

for June, July, August 1975, from all cooperative stations 
observations in the test area. 
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TABLE 6-2 


Precipitation Errors in percentage of true precipitation of a Met Cell 
(827 sq. miles) calculated by means of Huff’s Equations. 


Reports 
per cell 


True Rainfall* 
5 


3-hour event 
(mm) 

25 50 


True Monthly Precipitation 

(mm) 

100 200 400 


1 

80 

46 1 

* 

26 

20 

10 

. 8 

2 

53 

29' 

riTr 


17 

*1 O 

13 

n 

6 

rr 

5 

A 


5 

4 

3 


Boxed values cover more than 90% of the rainfall events in the Test 
area during June-August 1975. 
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actual Metcell precipitation does not differ greatly from the 
estimated distributions (such as presented in Figures 6-5 and 
6-6). In the case of the monthly precipitation, the errors in 
the estimates are relatively small .(5-1.0%) and these, should 
not affect greatly the distribution shown in Figure 6-3 when 
we consider that estimated values in the distribution, if 
corrected to the true values, would cause each class, to gain 
and and lose about the same. In the case of the daily precip- 
itation the errors are much larger, ranging from 29% upwards 
to '80% and higher; each class would also gain and lose about 
the same. if the estimates were corrected to their true value, 
with the exception that some of the cell averages presently in 

the no-rain class (not included in Figure 6-5) because of 

/ 

insufficient sampling within the cell, actually belong to 
precipitation classes. .The net effect would be to. increase • 
the total number of precipitation events with, the low-value 
classes gaining the most. 

The percentage of no-rain days for Metcells that- actually 
belong to a rain class may be estimated by comparing the 
number of raindays averaged, for cells that have one, two,, or 
three cooperative stations reporting, shown in Table 6-3. 

There is a noticeable increase in the number of rain days 
registered as the number of reports increase from one to three 
which can hardly be due to chance, nor to bias, due to cell 
location. 

By comparing the average number of rain days for one-, 
two-, and three- stations cells we may safely deduce that at 
least .14% and 5% of the no-rain days for cells with one and 
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TABLE 6-3 


Average Number of Rain Days per Metcell During’ June-August 1975 as 
a function of Cooperative Stations Reports per Metcell 


Reports 
Per Metcell 

Number of 
Metcel 1 s 

Average Number of Rain 
Days/MetceTl 


0 

516 

- 


1 

164 

25.9 


2 

62 

32.3 

All Metcell 

3 

13 

35.8 


4 

1 

44.0 


1 

62 

■ 26.7 . 

'Adjacent sets 

2 

62 

32.3 ' 

of Metcells* 

1 

■ ; 13 

26.6. 

. Adjacent sets 

2 

13 

29.9 

of Metcells* 

3 

13 

, 35.8 



* To reduce to. a minimum the possibility of bias caused by location 
we have performed the statistics for sets of Metcells with 1 and 
2 reports and’l,'2, arid 3 reports which are adjacent to each other. 
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two observations respectively, belong to some rain class. 

This would add approximately 2,000 to the number of rain 
events, mostly in the low value classes shown in Figure 6-5. 

Up to this point we have only dealt with errors assoc- 
iated with what we call "ground- truth" precipitation data, 
showing that when these point precipitation data are trans- 
lated to area averages noticeable errors are produced. With 
the- awareness of the magnitude of these errors, we can now 
present a comparison between METRUN estimates of precipitation 
■and average cell precipitation estimated from the cooperative 
observers stations. Such comparison for daily rainfall is 
shown in the form of a verification table (Figure 6-7) and a 
graph (Figure 6-8), with the percent of METRUN estimates 
within a certain departure (in mm) from the cooperative 
station average. Of the 20,642 METRUN daily precipitation 
estimates, 45% were within 1 mm (.04") of -the cooperative 
stations average, 72% were within 3 mm (.12")-, and 95% were 
within 13 ram (.51"). The verification table and the graph in 
•Figure 6-5 were derived from all cooperative stations that 
reported between 5 and 6 p.m. local time (0000-0100 GMT) 
during June-August 1975. Only those cells that have at least 
one station reporting have been considered. The average 
number of stations per cell was 1.3. The verification table 
generally shows that the METRUN tends to overestimate low 
precipitation below 1/2" and to- underestimate heavy precip- 
itation. Nevertheless, if we consider that about 14% of the 
reported 14,243 no-rain cells actually belong to some class, 
the -comparison would look somewhat better at least for the 
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DEPARTURE OF MET-RUN ESTIMATE OF DAILY PRECIPITATION 
FROM COOP STATION AVERAGE (mm) 


Figure 6-8: Percent of METRUN cell daily rainfall estimates which depart 

by less than a certain amount from the cooperative station average. 
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classes of low rainfall. The METRUN estimate of average total 
rain per cell for the entire season Is 244 lum, 17.3% higher 
than the 208 mm obtained from the cooperative stations. Our 
analysis of reported rainfall days for one-, two-, and three- 
station cells indicates that the cooperative station network 
misses at least 14% of the dally precipitation events, and 
therefore may underestimate dally precipitation. 

We also perfomed a comparison of estimated versus 
observed weekly precipitation for all the Metcells having at 
least one cooperative station reporting. The weekly compar- 
ison is shown by the verification table of Figure 6-9 and the 
graph in Figure 6-10. METRUN overestimates weekly precip- 
itation below 18 mm (< 0.7") and underestimates precipitation 
above 18 mm. The METRUN weekly estimates per cell average 
19.3 mm, 18% higher than the observed average of 16.3 tim. The 
graph in Figure 6-10, which also contains the daily curve of 
Figure 6-10 for comparison, shows that about 2/3 of the weekly 
estimates are within 12.5 mm {1/2") of the observations. As 
expected, the weekly estimates are more accurate on a percen- 
tage of observed precipitation than the daily estimates. 

An idea of how well the METRUN spatial precipitation 
patterns compare with observed patterns may be obtained by 
comparing Figure 6-11 with Figure 6-12, and Figure’ 6-13 with 
Figure 6-14. Figures 6-11 and Figure 6-13 are typical daily 
and weekly precipitation maps produced by METRUN from satellite 
cloud cover and synoptic stations observations. Figures 6-T2 
and Figure 6-14 are the corresponding coop-stations observed 
daily and weekly- precipitations. Cell's with no reports are 
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ESTIMATED PRECIPITATION (mini 


VERIFICATION TABLE OF WEEKLY PRECIPITATION FOR ALL 13 WEEKS 


OBSERVED PRECIPITATION (mm) 



CUMULATIVE PERCENT OF CASES 





Sample computer printout map of rainfall (in mm x 10) for the period 00-24 GMT, 30 June 1975 
produced by Subprogram METRUN, as explained in text. Circled values are actual rainfall 
reports for the same period. 


HOR COORO - I V£RT COORO 


GARTHS AT 

DAILY WEATHER DIAGNOSTIC 

PAGE 1 0AY181 TIME 24 GMT 


HAP 00-24 GMT PREC 


206 207 

*** 

208 

209 i 

335 

7* 

7 7 

7 

336 

7 

7 

7 7 

***** 

337 

7 

7 

7 

7* 

338 

7 

7 

7 

7 

3i? 

7 

7 

' 7 

7 

340 

© 

7 

7 

7 

341 

32 

32 

32 

32 ' 

342 

25 

25 

25 

25 

343 

25 

25 

25 

25 

344 

25 

25 

25 

25 

345 

25 

25 

25 

25 

346 

0 

0 

25 

© 

347 

0 

0 0 

7 

348 

0 

0 

7* 

29 

**♦ 

349 

0 

7 

29 

29 

350 

29 

29 

29 

29 I 

351 

29 

29 

29 

7 

352 

7 

7 

7 

7 

353 

7 

7 

7 

7 

354 

7 

7 

7 

7 

355 

7 ' 

7 

7 

7 

356 

29 

29 

29 

29 

357 

22 

29 

29 

29 

356 

16 

16 

29 

22 

359 

18 

18 

18 

18 

360 

IS 

18 

18 

© 


MANHATTAN-^ 

361* 9* 

16 

18 

18 

362* 

0* 

18 

18 

18 


7 0« 0 0 0 0 0 la 18 16 

0 0 0* 0 0 0 la 18 18 

'7 0 10 10 '0 .0 14 18 18 18 


0 0 0 0 0 0 

0 0 0 14 14 14 

0 4 18 14 14 0 

0 la 18 16 16 4 

0 la 18 18 ( 7 ) . 


0000000 24 24 0 

0 0 0 0 0 18 4Z 24 24 0 

0 0 0 0 18 42 42 42 42 18 

0 0 0 42 42 42 42 42 42 18 

4 4 28 42 42 42 42 42 42 10 

4 /28 42 42 42 42 42 42 42 18 

28 28 42 42 42 42 42 42 42 0 


10 14 18 18 IS* 15 15 39 39 28 42 42 42 42 42 42 24 


29 

29 

29 

29 

29 

29 

29 

22 

22 

22 

22 

22 

22 

22 

47 

22 

47 

47 

0 

0 

0 

0 

0 

0 


17 

32 

32* 

* 

32 

11 

11 

11 

11 

35 

35 

39 

39 

39 

39 

83* 

83 83 55 

0 00000000 

21 

21 

32 

* 

32 

0 

11 

35 

49 

35 

39 

39 1 

© 

1 70 

101 

63 

* 

83 

121 

117 

21 

21* 

* 

21 

24 

49 

35 

49 

49 

49 

39 

39 

70 

46 

XOl 

139*139 

* 

117 

117 

21 

t 

21 24 

^ ***** 

49 

49 

49 

49 

49 

53 

53 

70 

77 

139 

139 

135 

* 

117 

117 

117 

24* 

♦ 

24 

24 

49* 

49 49 

***** 

49! 


53 

53 

84 

77 

145 

135 

135 

117 

117 

117 

0 

0 

0 

49 

49 

49* 

49 53 53 

******** 

84 

77 

121 

141 

135 1 

0 

117 

117 

0 

0 

0 

0 

0 

25 

46 

46 

53 

84*103 117 

141 

141 

135*117 

* 

117 

62 

62 

1 

0 

0 

0 

21 

21 

46 

21 

72 

86 ] 

L17 

141*141 117 
******* 

62 

62 

62 

62 

7 ‘ 

G 

;z2 

21 

ZI 

21 

21 

65 

65 

99 

G 

^23 

123 

62 

*' 

62 

62 

62 

62 

22 

22 

22 

43 

43 

21 

21 

‘ 21 

44 

44 

44 

68 

24 

62" 

* 

62 

62' 

38 

36 

0 

22 

22 

43 

21 

21 

21 

21 

0 

44 

44 

0 

0 

0 

* 

0 

0 

38 

© 

22* 

22 0 

******* 

43 

21 

21 

21 

21 

0 

© 

0 

0 

0 

6 

* 

0 

0 

0 

0 

22 

0 

0 

21* 

21 21 

****** 

21 

21 

0 

0 

0 

0 

0* 0 
* 

0 

0 

0 

0 


0 , 0 

0 0 


0 25 25 

0 0 0 


) 0 (o^ 0* 
' — y * 
0 * 0 * 0 

0 0 0 


0 • 0 
0 * 0 


0 . 0 

0 * 0 


0 0 25 

) 0 0* 25 


♦♦♦♦♦ AKRON 



92-9 


HOP COORn«r|, VFPT COORHsJ 


DATLY CetUltAR PR£ClP<«H^iO^ ENDING AT ^ 4 Z 


OAYaiei 


33<i 

336 


?06 ?07 ROR 3A4 210 ?11 212 ?13 214 21R 216 217 ?XH ?1R 220 22J 22? ??3 ?2* 225 226 227 22R 2?o 230 231 212 

*#<0 

) -I -1 -I -1 -I -I -1 -I -1 -I -I -1 -1 -I “1 -1 -1 -I -1 -1 -1 -1 -I -I 

) 0 0 -1 -1 -1 -1 -1 -I -1 -1 -1 .-1 -1 -1 -1 -1 -I -X -X -1 -r -1 -r -i -x 


-X 

-i 



,-x 0 


0 0 

-X -1 -I tI 0 


Figure 6-12; Computer printout map of cooperative 

stations reported rainfall (in ran x 10) 
averaged for each IjJ cell having at least .-j •! -i _i ' -i -i 
one observation at 5 to 6 p.m. local time, 
for 30 June 1975. -1 indicates no obser- “* 

vatlon available. 
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designated by -1. The reason for the many cells with no 
reports is that only those stations reporting at 5-6 p.m. 
local time were considered. Isohyets were drawn on Figures 6- 
12 and 6-14' (somewhat subjectively because of missing data) to 
permit a visual comparison with METRUN. The comparison of 
daily coop-precipitation maps with METRUN maps shows that, 1) 
spatial patterns of major rain areas correspond fairly well, 

2) METRUN tbnds to spread out the major rain areas, 3) METRUN, 
as already stated, underestimates rainfall above 1/2", and 
overestimates low rain fall, and 4} METRUN smooths out the 
rainfall daily spatial variability. The comparison of weekly 
maps shows a better fit of spatial patterns and absolute 
rainfall amounts. 

6.2.2 Crop Reporting District Rainfall Analysis 

S'ince the AGMET system. uses daily precipitation amounts 

r 

on a cell basis for the calculation of stress accumulation, we 
have concentrated our efforts on determining the precipitation 
errors on a cell and on a daily basis. We have, nevertheless, 
conducted some additional error analyses for weekly periods 
for Crop Reporting District (CRD) areas. These error analyses 
consisted in comparing the average METRUN precipitation with 
that obtained from all reporting cooperative observers stations 
in the Crop Reporting District. 

Before comparing the METRUN estimates to the coopera- 
tive stations estimates we proceeded to determine an estimate 
of the errors involved in the cooperative stations averages by 
the following technique. We used the daily Oune-August precipi- 
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tation observations in one representative Crop Reporting 
District, NW North Dakota, to construct precipitation fre- 
quency distributions for light, medium, and heavy precip- 

f 

itation as shown in Figure 6-15. Daily rainfall events were 
arbitrarily assigned to light, medium, or heavy rain distri- 
butions if the 21 stations in the district reported a daily 
cumulative total of .05" or less, .05 to 2.0", and greater 
than 2", respectively. The number of rainfall events in each 
class was scaled up or down to give 1,000 events total for 
each of the three distributions. We then proceeded to ran- 
domly sample the distributions t times with n sample sizes, 
each time comparing the average of the random sample with- the 
"true" average of the distribution (1,000 events average), and 
then calculated the mean percent deviation for each sample 
size. We set t = 1,000 for n = 2, 10, and t = 50 for n = 50, 
100, 500, 700. The results are presented in Figure 6-16. The 
lack of smoothness of the graphs is due to the relatively low 
number of times (t) n samples were selected, especially in the 
small sample range (n < 50). The graphs are, nevertheless, 
indicative of the range of precipitation errors due to sampling 
in a typical agricultural district. For example, the graphs 
show that for the NW N. Dakota district with 21 stations the 
mean percent deviation between the true and the estimated 
daily area precipitation for light, medium, and heavy rains 
are'80%, 38%, and 25% of the totals, respectively. These 
translate to mean deviations of 0.10 mm, 0.48 mm, and 2.23 mm. 
By multiplying the mean deviations by 1.25 we obtain the 
values of the standard deviations of the estimated means; 
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Figure 6-16: Mean percent deviation between "true" averages of the 

daily precipitation distributions presented in Figure 
6-15 and averages calculated with n sample size» 


D.125, 0.60, and '2.79 nmi for light, medium, and heavy rain. 
Approximately 2/3 of the times the estimated daily area precip- 
itation will be within these limits. 

■ An estimate of the errors on a weekly basis can be 
obtained by taking the root-mean-square errors of the daily 
precipitation events. Assuming that light, medium., or heavy 
raindays are distributed during one week on the average with 
the same frequency as during the season (47, 22, 23),. and 
using the values of .the standard deviations derived above as 
the errors of the mean we obtained errors of about 4- mm per 
week, 8 mm per month, and 13 mm for the entire season; or 
respectively, 25, 11, and 6% of the total precipitation.. 

These are the errors implicit in the cooperative stations 
averages which we use as "ground truth. " 

We are now ready to consider comparisons of CRD METRUN 
averages and cooperative station averages on a weekly basis. 

Such comparison is shown in the verification table of Figure 
6-17 and graphically' in Figure 6-18. A total of 338 weekly 
averages from 26 crop reporting districts were used. The 
verification table in Figure 6-17 does not bring out any clear 
cut tendency for METRUN to overestimate or underestimate, 
although METRUN does show less occurrences of weekly precip- 
itation below 6 mm (66 versus 110 for the cooperative averages) 
and less occurrences above 49 mm (18 versus 26). Figure 6-18 
shows' .the percent of METRUN and synoptic stations estimates 
within a certain departure (in' ram) from the cooperative stations 
average. Only those districts with at least one synoptic 
station' were used in the comparison. Synoptic stations never 
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DEPARTURE OF ESTIMATES OF WEEKLY CRD PRECIPITATION 
FROM COOPERATIVE STATIONS AVERAGE (mm) 


Figure 6-18: Percent of METRUN cell daily rainfall estimates which 

depart by less than a certain amount from the cooperativi 
station average. 
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numbered more than two per district. .Figure 6-18 shows that 
on a weekly basis the METRUN averages are equal in accuracy to 
synoptic station averages, but does not show the fact that the 
synoptic stations tend to underestimate the total weekly 
precipitation. This is brought out in the sequence of plots 
in Figure 6-19, which present the running sums of weekly pre- 
cipitation as determined by the cooperative stations, METRUN, 
and synoptic stations. Table 6-4 shows the totals for the 
entire season. On the basis of Figure 6-19 and Table 6-4 we 
conclude that the METRUN season totals of precipitation are 
closer to the cooperative stations totals than the synoptic 
station, although on a weekly basis METRUN seems to equal to 
the synoptic stations. 

6. 3 Potential Evapotranspiration (ETP) 

Evapotranspiration is the combined processes by which water is 
transferred from the earth’s surface the atmosphere; evaporation of 
liquid or solid water plus transpiration from plants. Potential 
evapotranspiration (ETP) is the amount of moisture which, if avail- 
able, would be removed from a given land area by evapotranspir- 
ation, -expressed in units of water depth. 

ETP is a function of temperature, humidity, wind, and net 
radiation. From values of ETP one can obtain values of actual 
evapotranspiration, ET, which when combined with precipitation, 
runoff, soil and plant types, yields soil moisture. 

A reliable method of calculating ETP from readily available 
meteorological information is needed. The Penman method which 
includes the effects of temperature, wind, relative humidity, and 
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NORTH CENTRAL SOUTH DAKOTA PRECIPITATION 

METRUNESTiMATe 14 U CELLS) 

AVERAGE OF 10 COOPERATIVE STATIONS 
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A--‘ 

r/.* 


SOUTHEAST SOUTH DAKOTA PRECIPITATION 

METRUN ESTIMATE (10 !-J CELLS) 

AVERAGE OF 8 COOPERATIVE STATIONS 

AVERAGE OF 2 SYNOPTIC STATIONS 


AUGUST 1975 



TOTAL PRECIPITATION IN MM. (FROM 1 JUNE) TOTAL PRECIPITATION IN MM. (FROM 1 JUNE) 




JUNE ■ JULY AUGUST 1975 

Figure 6-19: Continued 
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JUNE JULY AUGUST 7975 



JUNE JULY AUGUST 7975 


Figure 6-19: Continued 
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Figure 6-19: Continued 
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TOTAL PRECIPITATION IN MM. (FROM 1 JUNE) 
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pigure 6-19: Conti nueti 


6-42 


TABLE 6-4 


Total Oune-August 1975 Precipitation for Agricultural Districts 
Determined by Cooperative Stations Reports, METRUN, and Synoptic 
Stations. 


Total Precipitation (mm) 


Agricultural 

Cooperative 

District 

Stations 

Mont 

C 

223 


NC 

241 


SC 

147 


NE 

193 

SD 

SE 

281 


C 

177 


NC 

190 


WC 

155 

ND 

SC 

204 


NE 

219 


EC 

226 


NW 

238 


Synoptic 
METRUN Stations 


260 

(+43)* 

184 

(-39) 

265 

(+24) 

177 

(-64) 

219 

(+72) 

103 

(-44) 

230 

(+37) 

229 

(+36) 

277 

(-4) 

288 

(+7) 

253 

(+76) 

135 

(-42) 

258 

(+68) 

188 

(-2) 

242 

(+87) 

197 

(+42) 

212 

(+8) 

193 

(-11) 

234 

(+15) 

179 

(-40) 

263 

(+37) 

378 

(-152) 

206 

(-32) 

188 

(-50) 


*Departure from Cooperative Stations Average 
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net radiation has demonstrated the necessary accuracy (WMO, 1971). 
The following is a description of how the EarthSat "System" agro- 
meteorological software calculates the ETP utilizing both ground 
observations and satellite cloud cover. 

The Penman equation for potential evapotranspi ration is 

(Penman, 1948): 


+ 0.64 ^ (w)(e - e ) 
ETP (mm/ time) ... . ^ 

A + 0.64 


[ 6 - 8 ] 


where 

2 

R is net radiation in cal/cm per time interval, 

NET 

A- is slope of saturation vapor pressure versus 
temperature curve (mb °K ^) 

e is saturation vapor pressure at air temperature (mb) 
s 

e is vapor pressure at air temperature (mb) 
a 

fM is the wind effect, a function of the horizontal 
■ wind velocity. 

The wind effect f{vi) is given by Penman (1956) as 

f(w) = 0.35 (0.5 + w/100) [6-9] 

where w is wind movement in miles per 24 hours 

In the EarthSat "System" the ETP calculations are performed 
for six- hour intervals at each I, J in the area. Daily ETP is 
obtained by summing up four six-hour calculations. For six-hour 
calculations the wind function becomes: 
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= 0.35 (0.5 + 0.27618 w)/4 


[ 6 - 10 ] 


where w is a surface wind measurement, in knots, made during the 
six- hour interval. 


e , e and a are calculated from six- hourly temperatures and dew 

S di 

point observations by means of psychometric equations presented in 
the Smithsonian Meteorological Tables (1966) (See pp. 350 and 372). 

Temperature, dew point, and wind are interpolated for each I, 
J cell coordinate from the 34 meteorological stations observations 
(see Section 4.1) by means of an inverse-distance weight function. 
The interpolated value at I, 0, , is 


n 

X.. = S 
13 1 



[6-11] 


where x represents the value of a parameter observed at station n 
n 

at a distance d from the cell coordinates I, J. Only the nearest 
n 

three stations (of a total of eight) are considered. A preliminary 


discussion of the accuracy of this interpolation scheme and the 

overall error effects on ETP is presented in a following subsection. 

Net radiation is the net energy gained by the surface 

through the processes of insolation and terrestrial radiation 

losses to space. is a measure of how much energy is available 

NET 

for heating the ground, and most importantly, for evaporation. 

is estimated by means of a combination of surface reports of 

temperature and dew point and cloud cover and type determined at 

six-hourly interval from SMS satellite imagery (see Section 4.2). 

2 

R ^ is calculated in cal/cm per six-hours, as will be described, 
NET 
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and is changed into mm of evaporation using the conversion factor 
of 58.6 cal/cm^ to evaporate one mm of water. 

2 

The net radiation at the surface, (cal/cm ), is the 

difference between the net solar radiation., and the net long 
wave or terrestrial radiation, 




[6-12] 


Net solar radiation, R^„, is that portion of the total incoming 

SN 

clear-sKy solar radiation, R 4-, not attenuated by clouds and not 

SC 

reflected by the earth's surface; 



= (1 - A) F R + 
^ s sc 


[6-13] 


where A is surface albedo expressed as a decimal from 0 to 1 . 


F is a solar radiation cloud factor which is a function of 
s 

cloud type and amount. 

R 4- is the total incoming clear-sky solar radiation which is 
sc 

the sum of direct clear-sky solar radiation at the earth's 

surface, R4-, and the diffuse solar radiation, R : R 4 = 

s d sc 

R 4- + R 4- 

s d 


Following is a presentation of the equations used in calculating 
the various components of the net solar radiation. 

Surface albedo is calculated as a function of the stage of 
growth of the wheat crop expressed in terms of Biometeorological 
Time, BMT. The equations used are: 
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A = 0.10 for bare ground (BMT 5 0) 

A = 0.10 + 0.47BMT for the period between emergence 

and heading (0 < BMT ^3.0) 

A = 0.24 for the period between heading and 
soft dough (3 < BMT 5 4) 

A = 0.24 - 0.14(BMT-1) for the period between soft 

dough and ripe {< 4 BMT £ 5) 

The above equations represent linear interpolations between average 
albedo values of 0.10 for bare ground and 0.24 for the heading to 
soft dough stages, and back to .10 from soft dough to ripe. Figure 
6-20 schematically illustrates wheat field albedo as a function of 
BMT. The solar radiation cloud factors, F^, were estimated with 
the aid of values of transmission of solar radiation through clouds 
(overcast) presented in the Smithsonian Meteorological Tables 
(1966), p. 441. Table 6-5 presents the cloud factors for overcast 
conditions adapted from SMT. 

The formula used to estimate cloud factor for any given cloud 
conditions is: 

F = Z n . F^ + 1.0 - 2 n^ [6-14] 

s t t t 

where n^ is fraction of given cloud types, and is overcast cloud 
factor for given cloud types as shown in Table 6-1. 

The direct cl ear-sky solar radiation at the earth's surface 
is: 


R+ = / J cos 2 T ^ dt [6-15] 

s 0 
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ALBEDO OF WHEAT FIELD 



PLANTING 

I 

0 


EMERGENCE 

I 

1 


JOINTING HEADING SOFT DOUGH 

-- 1 \ ! 

2 3 4 

BIOMETEOROLOGICALTIME (BMT) 


RiPE 

5 


Figure 6-20: Albedo of wheat field as -a function of Biometeorological Time. 
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TABLE -6-5 


Solar Radiation Cloud Factors For Overcast Conditions 
(Adapted from the Smithsonian Meteorological Tables, 1966) 

Cloud Type Cloud Factor, F^ 


Ci 

0.84 

Cs 

0.81 

Ac 

•0.51 

As 

0.41 

Sc 

0.34 

St 

0.25 

Ns 

0.15 

Fog 

0,17 
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9 

where J = solar constant (2 cal/ctn /min), z = solar zenith angle, 

0 

T = atmospheric transmission coefficient, and t = time. 

The solar zenith angle is calculated by the following expression 
(SMT, p. 417): 

cos Z = sin $ sin s + cos cos 6 cos h [6-16] 

where is latitude, 6 is the sun's declination, h is the hour 
angle of the sun (angular distance of the sun from the meridian of 
the observer) and is expressed in degrees by: 

h = 15t + e - 180 [6-17] 

where t is Greenwhich Mean Time 

0 is Longitude 

The sun's declination is well approximated by: 

5 = 23.5 sin (2ir (D - 80)/365) [6-18] 

where D is day of year 

The atmospheric transmission coefficient, t, is calculated 
using the relationship developed by McDonald (1960) and corrected 
for depletion due to dust: 

T = 0.95 - 0.077 u°*^ [6-19] 
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where the atmospheric water vapor* u (cm. of precipitable water), 
is estimated from the surface vapor pressure, e , by (McDonald, 

d. 

I960): 

log • u = -0.579 + 0.247v^ [6-20] 

10 a 

The direct solar radiation for six hours is obtained by substi- 
tuting h in terms of t in equation [6-16] and integrating equation 
[6-15] in steps of half hour intervals for the six-hour period. 

The diffuse solar radiation at the earth's surface, R , is 

a 

estimated. by (SMT, p. 240): 

0.91 R + Rf 

Ri = -2 L- [6-21] 

d 

2 


where R is the incoming solar radiation at the top of the atmos- 
0 

phere and is calculated by: 

R = / J cos z dt [6-22] 

0 0 

where all the symbols are as previously defined, and the inte- 
gration is done for a s.ix-hour period. 

O 

The net long wave radiation, R (cal /cm ), is that portion of 

LN 

the long wave radiation that is lost to space: 


R 

LN 




[6-23] 
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where is the clear sky long wave radiation and is calculated by 
Geiger’s method (1972): 


R.i = to (.18 + .25 X 10’°^^®) - 0.007 (T - T )] [6-24] 

LC a ■ a g 


where is air temperature 

Tg is ground temperature (T^ = in our calculations) 
CT = 8.132' X 10 caT/cm^/min/deg^ 


e is vapor pressure at air temperature 
is the long wave radiation cloud factor calculated for a com- 
bination of cloud cover and type by: 


2 

The above equation is a variant of the long wave cloud factor, kw , 
presented by Geiger (1972), p. 26, which considers only one. cloud 
type at a time. W is fraction of given cloud type, and k is a 
constant which depends on the cloud type. Values of k are as 
follows (Geiger, 1972): Ci, 0.04; Cs, 0.08; Ac, 0.17; As, 0.20; 

Cu, 0.20; St, 0.24. 

SMS images such as shown in Section 4 Figures 4-4 and 4-5 are 
used to determine cloud cover and type necessary for net radiation 
calculations. Cloud cover and type are readily determined from the 
visible images. When only infrared images are available the two 
brightness levels analyzed on the infrared images are arbitrarily 
changed into probable cloud types for purposes of estimating the 
cloud factors, F^ and F^. The amount of brightest (whitest or 
coldest) area measured is equally divided among the three cloud 
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types Cb, Ns, and Cc, which are most likely to appear coldest in 
the infrared. The amount of bright (gray-white) area measured is 
changed into 2/3 stratus and 1/3 cumulus. 

Figure 6-21 summarizes schematically all the parameters involved 
in the calculation of ETP. Following are examples of mapped solar, 
net radiation, and ETP calculation performed daily by METRUN. 

Figure 6-22 is an example of solar radiation maps produced 
daily as an output of METRUN. The map presents values of total 
incoming solar radiation received at the surface for June 30, 1975 
(day 181). Two SMS images for thiS/Same day are shown in Figure 4- 
4 and 4-5. These solar radiation values will be directly compared 
with pyranometer measurements of total solar radiation for sites in 
the study area. 

The solar radiation values range from about 130-150 ly/day in 
the area of eastern North Dakota - northwestern Minnesota, which 
the 23:45 GMT (approximately 7:15 PM local solar time) SMS image 
shows covered by thick cumulonimbus clouds, to values in the 800 's 
ly/day in cloud-free areas. 

Figure 6-23 is an example of net radiation maps produced daily 
as an output of METRUN. This map also is for June 30, 1975 (day 
181). Net radiation is also strongly correlated to cloud cover, 
with low values (less than 100 ly/day) occurring in areas of thick 
clouds and- high values (greater than 500 ly/day) occurring in 
cloud-free areas. 

6.3.1 ETP Error Analysis 

An estimation of the errors involved in the calculation 

of ETP by the Penman equation requires an estimation of the 
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Figure 6-21 


Parameters involved in the calculation of Potential Evapotranspiration (FTP) 
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Figure 6-23: 

Sample computer printout map of net radiation (langleys/day) produced by Subprogram 
METRUN. The map is for 30 -June 1975 (day 181). 
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errors in each of the parameters in the equation. We will, 
therefore, first- present a discussion of the errors in temper- 
ature, dew- point, wind, and solar radiation, the major com- 
ponents of the Penman Equation. 

6. 3. 1.1 .Error Discussion - Temperature, Dew Point and 

Wind 

As was discussed in section 6.2, the- available 
synoptic stations data are used to assign a temper- 
ature, wind speed, and dew point to each I, 0 cell. 

These quantities are calculated by means of an inverse- 
distance weight function (equation 6-11). 

To evaluate the error in this technique each 
week of synoptic data was examined. For the 24 cells 
in the study area- that contain a synoptic station, 
estimated- values of temperature, dew point, and wind 
speed were calculated. These quantities were obtained 
by eliminating the station within the cell and using 
the three closest stations around the' cell.. The weight- 
ing formula (equation 6-1 T) was applied, and estimated 
quantities of temperature, dew point, and wind speed 
were obtained. 

The values of the station within the cell are. 
assumed to be actual cell values.. These actual values 
were compared to the estimated values. -Statistical 
analysis software was applied to calculate frequency 
distributions for each time period and for each station. 
An example of the results is presented .in Figure 6-24. 
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ERROR ANALYSIS FOR TEMPERATURES <C) 


DAYS 159 THRU 165 
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3 2,9TO1.0 ,9TOO, 

FOR (DELTAT=TTACTUAL-TTESTIMATE) 

CLASS INTERVAL 

0 -,1T0-1,0 -1.1TO*3,0 LT -3,0 

TIME 24 GMT 
AVG DEV ‘ 

VARIANCE 
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1 

3 

2 

I 

0 

0 

1,4 

2,9 
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0 

1 

0 

4 

2 

0 
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2 
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0 

0 
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Figure 6-24: 


Sample computer printout of temperature 

errqr analysis program. 
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Results show that the distance weighting 
technique described above is acceptable in most cases. 
For the weekly periods in June to August the root-mean- 
square error (rms) for temperature and dew points 
ranges between 2. and 3°C, averaging 2.3% for temper- 
ature and' 2.6°C for dew point. The rms for wind speeds 
range from 3.5 to 5.0 knots, averaging 4.2 knots. A 
representative example of the frequency distribution of 
the differences between actual and estimated values is 
displayed in Figure 6-25. 

Noticeable discrepancies between the actual 
quantity and the estimated quantity occur when: 1) the 
distances between the stations become larger than 150 
kilometers, 2) the three closest stations are all 
upstream or downstream from the I, J cell, 3) topo- 
graphical variations between stations are abrupt, 4) 
frontal situations produce strong gradients, and 5) 
mesoscale, events such as valley fog or air-mass thun- 
derstorms are present in the study area. 

6. 3. 1.2 Analysis of-Solar Radiation Estimation by 

METRUN 

• Solar radiation is one of the more important 
components of the METRUN calculations. It comes into 
play in the net radiation term of the Penman equation, 
and will be a major input to any physiological plant 
model,. Since no daily measurements of net radiation 
are available in our area of interest for comparison to 
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Figure 6-25: Frequency distributions of errors (actual minus estimated 

values) in temperature* dew point, and wind caused by the 
distance interpolation scheme, for June 8-14, 1975. 

Values shown are typical for the entire period (1 June to 
30 August 1975) 
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our net radiation estimates » we are limited to a com- 
parison of the METRUN daily solar radiation estimates 
against solar radiation measured at various stations in 
the area. Four stations with hemispheric solar radiation 
measurements are located within our areas: these are 1) 
Laramie, Wyoming; 2) Brookings, South Dakota; 3) Man- 
hattan, Kansas; and 4) Bismarck, North Dakota. Daily 
solar radiation for June-July-August 1975 for these 
four stations were obtained from NOAA National Climatic 
Center, Asheville, North Carolina. The data were 
received with the following disclaimer: 

"The National Weather Service considers the 
accuracy of previously published solar radia- 
tion data questionable; the accuracy of data 
being collected currently but not published is 
also considered questionable." 

In conversation with NOAA officials at the 
National Weather Service, we were told that the main 
problems with the pyranometers were their loss of 
calibration and deterioration of sensitivity with time. 

To obtain a rough check on any gross deter- 
ioration that might have occurred in the instruments 
employed at the four stations we compared the average 
observed solar radiation on clear days in-sJune-July 
with values calculated with the aid of tables in the 
Smithsonian Meteorological Tables (List 1966, Tables 
135, 150). The comparisons, together with the METRUN 
calculations for the same clear days, are shown in 
Table 6-6. 


6-61 



TABLE 6-6 


Comparison of Cloar-Sky Solar Radiation (ly/day) Observed by ground 
stations, calculated by METRUN, and with the Smithsonian Meteorological 
Tables (SMT, Tables 135, 150) 



Observed Average of 
Clear days in June- July 

Calculated by 

Cal culated 


Average 

Range 

SMT* 

by METRUN 

Manhattan, KA 

731 

762-703 

786 ' 

871 

Brookings, S.D. 

570 

634-513 

787 

859 

Laramie, WY 

739 

768-709 

796 

878 

Bismark, N.D. 

715 

726-691 

784 

864 


*Calculations assume an atmospheric transmissivity of 0.8. 


6-62 



The immediate conclusion apparent from Table 
6-6 is that the Brookings observations are too low, 
even if v;e allowed for a lower atmospheric transmis- 
sivity and for some cloud contamination. We, therefore, 
decided to omit the Brookings observation from our 
analysis. Another conclusion is that METRUN over- 
estimates clear sky solar radiation by as much as 20%. 

Figures 6-26a, b, and c show scatter diagrams 
of observed versus METRUN calculated solar radiation 
for Manhattan, Bismarck, and Laramie for all sky con- 
ditions during June-August. Table 6-7 summarizes the 
average daily solar radiation measured and calculated 
by METRUN for these three stations. Figure 6-26 and 
Table 6-7 show that the METRUN values are, on an over- 
all average, 10% higher than the observations. For the 
purpose of the Penman equation sensitivity and error 
analyses we will -consider this a systematic error of 
10%, or about 55 ly/day for average cloud conditions, 
although it is apparent from the scatter diagrams in ‘ 
Figure 6-19 that the error is greater at higher values 
(clear to mostly clear conditions) and lower at over- 
cast conditions. We will, additionally, consider the 
presence of a random root-mean-square error which, 
after subtraction of the systematic error, we have 
calculated to be 80 ly/day for the three stations. 

Some of this random error is due to the inherent 
difficulty of comparing a point observation to an area 
estimate. The satellite cloud cover information used 
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TABLE 6-7 


Average Daily Solar Radiation Measured and Calculated by METRUN during 
June-July-August 1975 


MANHATTAN, KA BISMARCK, ND LARAMIE, WY 

MEASURED METRUN MEASURED METRUN MEASURED METRUN 


JUNE 

546 

687 (+26%) 

555 

601 (+8%) 

567 

538 (-5%) 

JULY 

639 

738 (+15%) 

604 

686 (+14%) 

600 

656 (+9%) 

AUGUST 

506 

547 (+8%) 

428 

430 (+0.5%) 

524 

593 (+13%) 
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Figure 6-26: Comparison of pyranometer observations of daily solar 

radiation and METRUN calculated daily solar radiation 
during June, July, August 1975. No pyranometer data 
was available at Bismarck from 21 June to 14 August 
because of instrument malfunction. 







in the METRUN calculations covers a fairly large area 

defined by the cloud polygon which may be tens of • 

thousands of square miles, while the observations are 

only affected by the local cloud cover. Part of the 

random error is also due the analysts subjectivity in 

determining cloud cover on the satellite images. To 

estimate this random error we had one week of satellite 

data independently analyzed by three technicians. A 

comparison of the solar radiation values obtained from 

the three analysis yielded a root-mean-square error of 

30 ly/day. We may safely conclude, therefore, that 

about 14% of the variance in the solar radiation ({30/80)^ = .14) 

can be explained by the analyst subjectivity in 

determining cloud cover. 

Although instrument deterioration may account 
at the most for 2-5% of the systematic difference 
(personal communication with Michael Riches, NWS solar 
radiation specialist), we believe that the main cause 
for the difference is the high values of cl ear-sky 
atmospheric transmission used by METRUN. Figure 6-27 
is a plot of transmission versus total atmospheric 
water vapor used by METRUN. We also believe that the 
cloud transmission factors in METRUN are too low, and 
partially compensate for the high atmospheric trans- 
mission. 

A method developed by Klein (1948) and based 
on Kimball's charts of transmission of solar radiation 
(SMT, Table 147) was then employed to estimate clear- 
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sky solar radation for seven cloudless days at Bismarck 
during June-July. Figure 6-28 shows the hour-by-hour 
calculations of solar radiation using the Klein formulas 
compared with METRUN and with observations during a 
clear day at Bismarck (24 June 1975). The Klein 
method shows a marked improvement, bringing the clear 
day solar radiation to within 2% of that observed in 
this example. Such improvement was found for all the 
seven cloudless days considered. The recalculated 
solar radiation averaged 738 ly/day, only 3% higher 
than the observed 715 ly/day. 

Figure 6-29 is a scatter diagram of observed 
versus calculated solar radiation for Bismarck, using 
the Klein method. The calculation compares better with 
the observations (see Figure 6-26b for comparison) at 
higher values (> 650 ly/day), but on the’ average the ’ 
METRUN with the Klein correction underestimates solar 
radiation for cloudy conditions. We tentatively conclude 
that the cloud transmission factors in our model are 
too low- by approximately 5-10% per cent, and that most 
of the random error is due to: 1) point versus areas 
cloud cover differences, 2) differences of cloud thick- 
nesses causing variations from any average cloud trans- 
mission factors used, 3) cirrus clouds undetected by 
the satellite image, 4) local pollution not considered 
by our solar radiation model, and 5) analysts subject- 
ivi'ty in satellite cloud cover determination. 
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Figure 6-28: Comparison of hourly solar radiation measured a"!: Bismarck during 

Q cloudless day (June 24 1975) and solar radiation calculated by 
METRUN with the transmission function shown in Figure 6-27, and 
with the transmission function of the Klein method. 
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Figure 6-29: Comparison of 

calculated dai 
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An' attempt to determine new cloud transmission 
factors from available satellite cloud data and the 
observed hourly solar radiation met with only limited 
success because of the limited amounts of hourly solar 
data available to us {only Bismarck and Manhattan had 
hourly data for most of June and part of July). It was 
nevertheless evident that in most cases when, overcast- 
to-broken cloud conditions were observed on the satellite 
image, the ground stations reported higher, solar radia- 
tion values than those calculated by METRUN with the 
Klein method. It is evident from our error analysis 
that estimations of solar radiation can be improved 
considerably by using the Klein method which would 
eliminate a systematic error of 55 ly/day for average 
cloud conditions, and by deriving improved cloud trans- 
mission coefficients from satellite cloud information 
and solar radiation observations. 

6. 3. 1.3 Sensitivity and Error Analysis - The PenmML 

ETP Equation 

Having established the errors on temperature 
T^, dew point temperature T^, and wind W, we can now 
determine their effects on the accuracy of the Penman 
ETP calculations. Additionally, we will also consider 
effects of errors in cloud cover,- surface albedo, and 
solar radiation which control the net radiation term of 
the Penman ETP equation. The scope of our analysis is, 
1) to determine the sensitivity of the Penman ETP to 
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the many variables involved in its calculation, 2) to 
calculate the total error in ETP, by assuming reason- 
able errors in these variables, and- 3) to compare the 
Penman ETP to actual pan evaporation. 

The first two tasks can rightly be called part 
of a sensitivity analysis of the Penman ETP equation. 

The third task is the closest one can come to an error 
analysis of ETP, since such comparison would not only 
include measurement and/or estimation errors in those 
parameters that affect ETP, but would test the validity 
of the Penman equation in our area of interest. 

To perform a sensitivity analysis on an equation 
involving many variables, one would simply find the 
partial differentials with respect to each of the 
variables and then evaluate these partial differentials 
for given conditions. In the case of the Penman equation, 
temperature and dew point appear in a fairly complex 
way in the calculations of vapor pressures and radia- 
tion terms, and therefore it was found more expeditious 
to calculate the partial differentials with respect to 
' temperature and dew point, graphically from plots of 
ETP at given conditions. On the other hand, the partial 
differential with respect to net radiation is very 
simply: 


AETP. 


^NET 


= y/(y + 0.64) AR 


NET 


[6-26] 
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where y is slope of the saturation vapor pressure 
versus temperature curve (mb/°K), and can be obtained 
from the SMT» Equation is evaluated as; 


AETPp 

0. 5623 


at 

T, = 

10°C 

^NET 


NET 

A 

AETPp 

0.6935 

AR„ 

at 

T = 

20°C 

•^ET 


NET 

A 

AETPp 

0.7919 


at 

T = 

30°C 

*^NET 


NET 

A 


The available ETP subroutine permitted us to 

perform ETP calculations for various combinations of 

air temperature T , dew point temperature T_, wind W, 

/» u 

albedo A, and cloud cover. From the results, we con- 
structed graphs showing the effects of various meteor- 
ological parameters on ETP, which allowed us to estimate 
reasonable rates of change of ETP. June 21 and 45° N - 
105° W were chosen as a representative date and latitude 
longitude for our calculations. Calculations were done 
for each 6-hour interval, starting at 00 GMT + 3 hours, 
to correspond with the time intervals of the METRUH 
calculations. 

Figures 6-30 to 6-34 show the results of our 
ETP calculations for the normal range of summer condi- 
tions present in our area of interest. From these 
graphs, we estimated the differentials given in Table 
6-8. Since the errors have a systematic and 
random components, and are available to us only on a 
daily basis, we shall treat their effects on ETP separ- 
ately after we have evaluated the total 24-hour errors 
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EFFECT OF AIR TEMPERATURE ON ETP 



Figure 6-30: Potential Evapotranspiration (mm/6 hours) as a function 

of air temperature, calculated by the Penman method, for 
clear skies, and the sun-earth geometry of June 21 and 
45N-105W. Curve 1 is for a dew point temperature of 
10°C; curve 2 is for a dew point 10°C lower than the air 
temperature; curve 3 is for saturated conditions (dew 
point equal air temperature); curve 4 is for a dew point 
of 20°C. Surface albedo and wind are kept constant at 
20% and 10 knots respectively. 
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EFFECT OF DEW POINT TEMPERA TORE ON ETP 



Figure 6-31:- Potential evapotranspiration (mni/6 hours) as a function 
of dew point temperature calculated by the Penman method, 
for clear skies, and the sun-earth geometry of June 21 
and 45N-105W, Curve 1 is for an air temperature of 30°C; 
curve 2 is for an air temperature 10°C higher than dew 
point; curve 3 is for saturated conditions (dew point 
equal air temperature); curve 4 is for an air temperature 
of 20°C. Surface albedo and wind are kept constant at^ 
20 % and 10 knots respectively. 
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EFFECT OF WIND ON ETP 




WIND (KNOTS) 


Figure 6-32: Potential evapotranspiration (mm/6 hours) as a function 

of wind calculated by the Penman method, for clear skies 
and the sun-earth geometry of June 21 and 45N-105W. 
Curves 1, 2, and 3 are for dew point temperatures of 
10°C, O^C, and 20°C respectively. Albedo and air temper 
ature are kept constant at 20% and 20‘^C. 
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EFFECT OF CLOUD COVER ON ETP 



Figure 6-33^ Potential evapotranspiration (mm/6 hours) as a function 
of cloud cover amounts calculated by the Penman method 
for the sun-earth geometry of June 21 and 45N-105W. 
Cumulonimbus (Cb), stratus or stratocumulus (St or Sc), 
and cirrus (ci) clouds attenuation factors are used in 
the calculations. Air temperature, dew point, wind and 
albedo are kept constant at 20°C, 10°C, 10 knots, and 20% 
respectively. 
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EFFECT OF ALBEDO ON ETP 



Figure 6-34: Potential evapotranspiration (mm/6 hours) as a function 

of surface albedo, calculated by the Penman method for 
clear and stratus overcast conditions, and for the sun- 
earth geometry of June 21 and 45N-105W. Air temperature, 
dew point, and wind are kept constant at 20°C, 10°C and 
10 knots. 
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TABLE 6-8 


Sensitivity of Penman ETP to changes in meteorological parameters. 


\ 

CO 

o 



'X) ^ 


K3 


TIME INTERVAL 
AT 105 W 

A ETP 
■^^air 

mm - 6hr"^C"^ 

A ETP 
^^dew 

mti - 6hr“^C"^ 

A ETP 
AVIind 

mm - 6hr“^Kn"^ 

A ETP 
A Al bedo 

mm - 6hr"^P(.'^ 

A ETP 
A Cloud 

1 -1 

mm - 6hr 'Pq 
Ci St or Sc ■ Cb 

03 - 09 GMT 
8PM - 2AM 

0.065 

0.080 

.083 

0.0 

0.0 .005 .005 

09 - 15 GMT 

0.085 

0.085 

0.083 

0.015 

0.0 .004 .006 

2AM - 8AH 






15 - 21 GMT 

0.150 

0.090 

0.083 

0.067 

.007 ,032 .039 

SAM - 2PM 






21 - 03 GMT 

■ 

0.105 

0.090 

0.083 

0.029 

.002 .on .014 

■2PM - 8PM 








Clear Skies 

Clear Skies 

Clear Skies 

Clear Skies 

A = 20% 


10^Tj*^20 

lO^Ta <30 

Ta = 20 

Ta = 20 

Ta = 20 

CONDITIONS 

A = 20“a 

A = 20f5 

Td= 10 

Td = .10 

Td = 10 


W = 10 Knots 

W = 10 Knots 

A = 20% 

W =10 Knots 

W =10 Knots 

J 



due to T , T wind, and albedo. For each six-hour 
AIR DEW 

period the total error on ETP, excluding effects of 

R errors is: 

NET 

AETP = +V (AETP)t +~(aETP)'‘^, + (AETP)‘‘^ + (aETP)^ [6-27] 
t “* ta td w a 

where (AETP) , is error caused by an error in air 
ta 

temperature 

(aETP)^^, is error caused by an error in dew 
point 

(aETP) , is error caused by an error in wind 
w 

(AETP) , is error caused by an error in albedo 

To evaluate the above equation we have used 
the values of the differentials given in Table 6-7 and 
the rms errors obtained, in the error analysis of T , 

d. 

T. , and W. Additionally, we assumed a 5% Albedo 
dew 

error. The errors for each 6-hour interval are shown 

in Table 6-9. The total 24-hour ETP error, excluding 

effect of errors is: 

NET 

AETP = +V (ETP)^ + (aETP)?^ + (AETP)^. + (aETP)^ [6-28] 
“ 9 15 21 03 

= +1.03 mm/day. 

To this +_ 1.03 mm/day we now must add errors caused by 

errors in R which essentially include cloud cover 
NET 

determination errors, atmospheric water vapor errors. 
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TABLE 6- 9 


ETP ERRORS FOR 6-HOUR PERIODS (in mm- 6hr“^) 
CLOUDLESS AVERAGE CONDITIONS 


ERRORS IN METEOR. 
PARAMETERS 


AT;\ = 2,3 °C 
ATq = 2.6 °C 
AW = 4.2 Kts 
A A •= 5% 


ERRORS IN ETP FOR 6 - HOUR PERIOD ENDING AT: 



09 GMT 

15 GMT 

21 

(aETP)ja = 

0.150 

0.195 

0 

(aetp)to = 

0:208 

0.221 j 

0 

(AETP)y = 

0.350 

0.350 

0 

(AETP)ft = 

0.0 

0.073 

c 


Total A ETP for 6-hour period 
(mm ehr"^) 


03 GMT 


0.43 


0.46 






and systematic and random errors of cloud and atmos- 
pheric transmissivities. We shall assume that 
errors are caused only by solar radiation errors and 
neglect (because of lack of observations) errors in 
terrestrial radiation which may add or substract to the 

R errors. From our previous analysis of solar 
NET 

radiation, we determined that solar radiation errors, 
and therefore net radiation errors, for average condi- 
tions in our area consisted of a systematic component 
of +55 ly/day due to our overestimation of atmospheric 
transmissivities, and a random component of + 80 ly/day. 
At 20° C these errors translate to + 0.65 mm/day and 
+_ 0.94 mm/day in ETP errors respectively. The random 
component of the error can be added as a squared term 
under the radical in equation [6-28], giving a total 
random error of +^1.38 mm/day. The systematic error of 
0.65 mm/day has the net effect of shifting the total 
root-mean-square error of ETP to a range of -0.73 to 
2.03 mm/day. 

The ETP error range of -0.73 to 2.03 mm/day is 
the result of our sensitivity analysis of the Penman 
equation to average conditions in the area of interest 
and to the range of lylETRUN errors in its component 
parameters. If the Penman ETP were the true potential • 
evaporation this range would represent true errors- in 
potential evaporation. But of course the Penman ETP 
does have errors because of its simplifying assumptions 
and its semi empirical nature. These errors could be 
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determined If we had available concurrent potential 
evaporation measurement which, within acceptable errors, 
could be taken as "ground truth." The only measure- 
ments we have to compare with our ETP are NOAA class A 
pan daily evaporations which- can not be strictly equated 
to ETP. It is generally recognized that the pan evap- 
oration measurements alone are not sufficient 

for the estimation of evapotrahspiration from a vege- 
tated surface. The main reasons are: 

(1) the pan is located six feet above the 
surface ' 

(2) the heat exchange between the pan and 
surroundings does not represent the 
actual heat exchanges of the surface 

(3) the wind speed at pan level differs from 
that at the surface. 

The range of errors associated with these problems vary 
widely among the sites and a standard range is indeterminable. 
In spite of these shortcomings, several researchers 
have used CLASS A pan readings summed over monthly 
periods to compare with ETP from lysimetpr measure- 
ments. Stanhill {1958) found that monthly ETP for an 
alfalfa plot compared to by ETP = 70Ep^l^ + '.47 ( r 
= .96). Pruitt and Angus (1961) found that for monthly 
averages over rye grass ETP = .79 Ep^^^ + .08 (r =.95) 
for January through May and ETP = .76 Ep^^^ - .02 (r = 

.91) for July through December.. However, it must be 
noted that the daily ETP versus Ep^^^ relationship using 
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the same data showed a large amount of scatter. An 
extensive study (Kohler and others, 1955) of pan evap- 
oration errors conducted jointly by the Geological 
Survey, Bureau of Reclamation, Navy, and Weather Bureau 
at Lake Hefner, Okla., during 1950 - 1951 showed that 
appreciable errors arose when using the customary 

conversion ETP, , =0.7 which does not take in 

lake PAN 

consideration heat transfer through the pan. The 
potential evaporation we seek is of course not over a 
lake but over a vegetated surface, nevertheless we can 
safely assume that at least similar errors would be 
involved if we would straightforwardly convert 
ETP. The same Lake Hefner study attempted to develop a 
universal relation for computing, pan evaporation from 
meteorological parameters. ETP was calculated by the 
Penman equation for 100 days for 20.U.S. stations and 
compared to the Pan Evaporation. The aerodynamic term 
of the Penman equation which in our treatment of the 
Penman equation is 0.35(0.5 + w/100)(e - e ), was 

S St 

modified in their analysis to (.37 + .004w)(e - e 
to best fit lake evaporation data. With the modified 
Penman equation they achieved correlation coefficients 
with pan evaporation ranging from 0.57 to 0.96. 

In the METRUN study area, there are over 
thirty stations with daily class A pan evaporation. 
Observation time is not uniform, approximately half of 
the stations take observations at 5 PM, the rest at 
various times in the morning. Our initial correlation 
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of E to ETP was conducted using first order Weather 
PAN 

Bureau stations which needed no interpolation of meteor- 
ological parameters. The three stations available were 
Fargo, ND; Sious Falls, SD; and Pickstown, SD. 

The pan evaporation observations are made at 
6 AM (approximately 1300 GMT) at Fargo and Pickstown, 
and at midnight (approximately 0700 GMT) at Sioux 
Falls, while the daily METRUN ETP calculations terminate 
at 03 GMT (8 PM local time at-105°W). However, this 
time misalignment should not cause any problems because 
it occurs at night when evaporation is negligible. 

Figures 6-35 a, b, c present the comparisons as scatter 
diagrams. Approximately 2/3 of the METRUN ETP s are 
within +2 mm of the measured pan evaporation. Correlation 
coefficients for Fargo (0.74), Sioux Falls (0.66), and 
Pickstown (0.57) are in line with the correlations 
obtained in the Lake Hefner study, considering that no 
effort was made in our ETP method to best-fit the 
coefficients of the aerodynamic term of the Penman 
equation. Other reasons for the relatively low cor- 
relations are: 

(1) large random errors due to small samples 
(90 days) 

(2) non-standard siting and operating of pans 

can lead to significant effects on evaporation 
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MEASURED DAILY PAN EVAPORATION {mm) 










{3} pan evaporation is Influenced by the 
local cloud cover, while the METRUN ETP 
is calculated using the satellite "poly- 
gon cloud cover" which may span tens of 
thousands square miles. 

When weekly and monthly pan evaporations are 
compared to METRUN ETP, there's a corresponding improvement 
in the correlation. Table6-10and Figure 6-36 present 
such comparisons. A correlation coefficient of 0.89 is 
achieved in the weekly comparisonsa Evident in the 
weekly comparisons of Figure 6-35 is a tendency for 
METRUN to overestimate ETP by about 2 mm per week. 
Approximately 2/3 of the weekly METRUN ETP estimates 
are within 6.7 mm of the pan' measurements. 

Correlation analyses of METRUN ETP versus pan 
evaporation were also conducted for July for the thirty 
stations which required Interpolation of meterological 
parameters. The majority of the correlations were 
between 0.5 to 0.6, slightly lower than the correlations 
obtained for the synoptic stations. The lower corre- 
lations may be explained by the smaller samples (30 
days versus 90 days), interpolation of meteorological 
parameters, and inaccurate observation times at the 
second order climatological stations. 

We then compared the Crop Reporting District 

average ETP to the average of selecting one Crop 

PAN 

Reporting District from each of the four states. The 
four Districts selected were Northeast Montana, West 
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TABLE 6-10 


Comparison of weekly and monthly pan evaporation and METRUN ETP (in mm) 
for the period 1 June,- 30 August 1975 (Days 152-242). 


FARGO, ND SIOUX FALLS, SD PICKSTOWN, SD 


JULIAN DAYS 

PAN 

METRUN 

PAN 

METRUN 

PAN 

METRUN 

152-158 

39 

49 

52 

57 

47 

48 

159-165 

24 

35 

36 

36 

32 

35 

166-172 

40 

38 

43 

47 

46 

36 

173-179 

42 

42 

49 

63 

56 

64 

180-186 

* 

* 

67* 

61* 

62 

67 

187-193 

43 

61 

58 

63 

53 

55 

194-200 

60 

75 

83 

83 

1 70 

66 

201-207 

49 

49 

60 

64 

57 

54 

208-214 

63 

70 

63 

66 

58 

59 

215-221 

55 

61 

56 

65 

58 

58 

222-228 

44 

53 

45 

41 

42 

35 

229-235 

28 

34 

37 

33 

30* 

22* 

236-242 

44 

46 

42 

i 

39 i 

45 

40 

JUNE 

144 

163(+13%) 

'204 

225(+10%) 

199 

203 (+2%) 

JULY 

231 

266 (+15%) 

308 

304(-l%) 

276 

271 (-2%) 

AUG 

184 

206 (+12%) 

191 

00 

00 

1 

ro 

182 

164(-10%) 

TOTAL 

559 

635(+14%) 

703 

717(+2%) 

657 

638(-3%) 


*Week incomplete because of missing pan reports 

Because of missing data the following number of days in each month (June, July, 
August) were used for each station; 

FARGO (27, 30, 30), SIOUX FALLS (30, 30, 30), PICKSTOWN (30, 31, 29) 
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• SIOUX FALLS. S.D. 

O PICKSTOWN.S.D. 

■ FARGO, IV. D. 

JUNE. JUL Y. AUGUST 1975 



Figure 6-36; Comparison of measured weekly pan evaporation and ETP 
calculated by METRUN during June, July, August 1975, 
at Fargo, Sioux Falls, and Pickstown. 
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Central North Dakota, Southwest Minnesota and East 
Central South Dakota. Running totals of ETP and evaporation 
for the entire period of study (90 days) were calculated 
and plotted Figure 6-37a, b, c, d). Percent differences 
between the estimated ETP and the evaporation observed 
were small, both on the weekly level and for the entire 
period. The differences ranged from less than 1 
percent in West Central North Dakota to about 7 percent 
in Northeast Montana. Weekly differences were within + 

10 percent in all but two cases', both of which contained 
one or two missing observations. 

METRUN ETP overestimated pan evaporation in 
three out of the four cases. The exception was East 
.Central South Dakota where reports of extremely high 
evaporation were common during the entire summer. 

It is evident from our error analysis that 
estimations of ETP can be improved considerably by 1) 
improving our estimates of solar radiation using the 
Klein method and improved cloud transmission coeffi- 
cients, and by 2) deriving best-fit coefficients for 
the advection term of the Penman equation from available 
reports of pan evaporation, surface observations of 
wind, air temperature, dew point, and satellite derived 
net radiation. 
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COMPARISON OF WEEKLY CROP REPORTING DISTRICT, PENMAN EVAPOTRANSPI RATION, 
AND PAN EVAPORATIOINTTOTALS FOR JUNE - AUGUST, 1975 




Figure 6-37: Cumulative weekly pan evaporation and METRUN ETP for four representative 

Crop Reporting Districts in the test area for the period 1 June to 30 August 
1975. a) N.E. Montana, b) W.C. North Dakota, c) S. W. Minnesota, d) E.C. 
South Dakota. 6-94 
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COMPARISON OF WEEKLY CROP REPORTING DISTRICT, PENMAN EVAPOTRANSPIRATION 
AND PAN EVAPORATION TOTALS FOR JUNE - AUGUST, 1975 


SOUTHWEST MINNESOTA 
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EAST CENTRAL SOUTH DAKOTA 
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PAN EVAPORATION ! 


Figure 6t-37; Continued 





7.0 PLANT GROMTH/MOISTURE STRESS DIAGNOSTIC 


The plant growth/moisture stress -diagnostic operates in the 12.5 x 
12.5 nautical mile cells and utilizes the Precipitation and ETP diagnoses 
spread equally into the four cells which surround each of the 25 nautical 
mile grid mesh points. The key activities performed include: 

(a) Calculation of "percolation” and runoff utilizing various 

approximations and models. The output of this step is a three 
layer soil moisture profile for the specific soil specified in 
that cell. 

{b) Calculation of actual transpiration as a function of crop 
phenology. These calculations operate on the soil moisture 
profile resident in the file from the previous day. The 
output from this calculation is the moisture budget account 
balance from the start date. 

(c) .The results of the ETP and ET calculations are ratioed to 
provide a "stress" value. 

7.1 Moisture Budget Discussion 

The basic soil moisture budget used in the EarthSat "System" 
was developed by Baler and Robertson (1966). The so-called "Versatll 
Budget (VB)“ divides the total crop available moisture into several 
zones. Water is extracted simultaneously from different depths in 
the soil profile permeated by the wheat plant roots in relation to 
the rate of potential evapotranspiration (ETP) and the available 
soil moisture in each zone. The general equation for the Versatile 
Budgeting model for calculating daily actual transpiration per zone 



-O.Olw(ETP^-ETP) 


[7-1] 



7.1.1 Standard Zones 

The total volume of plant-available soil moisture in 
the soil profile is subdivided into three zones of varying 
capacities (S^ap)- The subdivision into zones and the amount 
of moisture held in each zone are arbitrary, but three "standard 
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zones" have been adopted and contain respectively 5.0, 20.0, 

75. 0« of the total plant-available moisture in the soil profile. 
Because the root distribution differs in depth from soil to 
soil, the location of the zones also differs but not the 
fractional subdivision of the total available soil moisture. 

The adoption of standard zones makes it possible to use one 
set of crop coefficients for a particular crop in any type of 
soil, because it is assumed that the uptake of available water 
by crops always follows a characteristic pattern that depends 
on plant rooting habits. Although the model works with standardized 
zones, it is possible, and for comparing soil moisture estimates 
with measurements it is necessary, to relate these zones to 
depths for specific soil types. 

Crop coefficients (k) express the amount of water that 
is extracted by plant roots from the different zones during 
the growing season as a fraction of ETP. To simulate this 
water uptake, the k-coefficients change during the growing 
season according to crop developing stages or on a biometeorological 
time scale basis. Robertson (1968) developed a mathematical 
model that relates rate of crop development to photoperiod and 
to day and night temperatures. Only standard climatic data of 
daily maximum and minimum temperatures and of day length 
available from the METRUN program are required. Allowance is 
made for lower and upper critical limits and the optimum value 
of each of the three environmental factors. Daily rates of 
progress toward maturity, calculated by means of the model, is 
integrated to give a biometeorological time scale. 
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In comparisons between observed and estimated soil 
moisture under non-irrigated crops, Baier (1969a) found that 
during drought periods plant roots absorbed from the lower, 
relatively moist layers comparatively more water than they did 
in a uniformly moist soil profile. This adjustment by plants 
is simulated in the VB by distributing the k-coefficients for 
the upper zones, where water is no longer or less readily 
available, over the lower zones, where water is still available 
in proportion to the assumed vertical root distribution. This 
adjustment is introduced between emergence and jointing. The 
adjustment takes the form: 
m=j-l 

k'j = '‘j "'“1 1^1 

where 

k'. = adjusted k-coefficient for the jth zone 

3 

S'j(i-1)= available soil water in the jth zone 

S. = capacity for available water in the jth zone 

J 

For the purpose of this budget, plant-available soil 
moisture is considered to be the amount of moisture over the 
range frcm field capacity (T/3 atm or pF = 2.7) to permanent 
wilting 15 atm or pF = 42). Contradictory viewpoints. exist on 
the availability of soil moisture over this range for growth 
and transpiration. Recent reviews of literature pertaining to 
soil -moisture regime experiments (Baier, 1968) suggested that 


S' 

1 - m 


(i-1) 


■’m 


[7-2] 
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the relationship between available moisture in the soil and 
the ET:ETP ratio still depends on the physical character of 
the soil, even though all other factors such as plant physio- 
logical characteristics of water uptake transportation and 
transpiration, and atmospheric demand as reflected in the ETP 
rate, are taken into account. 

7.1.2 Soil "Dry Down" Relationships 

Eight general relationships between available soil 
moisture and the ET:ETP ratio are shown in Figure 7-1. The 
decision as to which curve to use was based on the soil charac- 
teristics of the region under study. In the Great Northern 
Plain area, 3 predominant soil classes were identified and 
dry-dov/n curves associated with each. For soil categories 1, 

3, and 4, the assigned dry-down curves were D, A, and D 
respectively. 

Broad guidelines for the curves used in this project 
are given below. Type G, although not used, is included since 
most previous EarthSat use with the Baier model used this 
curve. 

Type A . Water is equally available to plants for evapotranspiration 
over the range from field capacity to permanent wilting. 

Viehmeyer and his coworkers (1956) proposed this concept. 

This hypothesis is probably acceptable for many sandy soils 
that are well permeated with roots and also for soils under 
irrigation when a moisture content close to field capacity is 
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AVAILABLE SOIL MOISTURE (%) 


Fig. 7-1: Various proposals for the relationships between AE:PE ratio and 

' available soil moisture (after Baier and Robertson, 1966)* _ 
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maintained throughout the growing season. 

Type D . Several researchers have held the view that soil 
moisture is almost equally available to plants up to a point 
where the demand rate for a particular evaporation condition 
exceeds the supply of water to plants from the soil. Beyond 
this point, the ET:ETP ratio decreases sharply with decreasing 
soiT-moisture content. Type D assumes no reduction in the 
ET:ETP ratio over the range of available sotl moisture from 
100% to 70% (Type D). Beyond these limits the ET:ETP ratio 
declines rapidly with drying of the soil after an exponential 
decay form relationship. When the moisture content is extremely 
low, water movement is very slow and takes place only by 
diffusion, mainly from the dry surface layer. The range which 
moisture is readily available depends on the moisture release 
characteristics of the soil (Holmes and Robertson, 1963). The 
relative transpiration rate declines in a clay soil at a 
higher available soil-moisture content than in a sandy soil 
where the actual transpiration rate is close to the potential 
over a much wider range of soil -moisture content (Gardner, 

I960; Gardner and Ehlig, 1963; Marlatt et. al . , 1961; Denmead 
and Shaw, 1,962). 

Type G . This relationship assumes no reduction in the ETrETP 
ratio over the range from 100% to 70% available soil moisture 
and a linear relationship over the range from 70% to 0%. This 
type was used by Fitzpatrick et. al. (1967). From a comparison 
of observed soil moisture with estimates obtained from the VB 
using five types of relationships, Baier (1960b) concluded 
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that Type G would have given best results under the local 
•experimental conditions where well-established grass was grown 
in Matilda loam soil. Use of Type G is reconroended as a first 
approximation in most medium- textured, nonirrigated soils. 

Stanhill (1957) concluded from his literature review 
that the intensity of the evaporating power of the atmosphere 
must also be considered in analyzing the relationship between 

f 

soil-moisture status and plant growth. Several authors have 

shown that the effects of the atmospheric demand rate must be 

accounted for (Holmes and Robertson, 1963). Denmeadand Shaw 

'(1962) demonstrated this experimentally in container studies 

".Olw(ETP-i-rfP) 

with corn plants. In the VB, the term e ' accounts 

for effects of varying daily atmospheric demand rates (ETP-.,-) 
on the ET:ETP ratio as* a function of available soil moisture. 

From a graph given by Shaw (1964) a regression equation was 
developed by Baler that estimates with sufficient accuracy 
(r = 0.87) the value of w f rom the soil-moisture stress occurring 
on the preceding day: 


w “ 7.91 - o.n 


s-.(i-i) 
100 r 


[7-3] 


To' account for water losses through runoff. If applicable, 
a simplified relationship between soil moisture in the top 

A 

zone, daily precipitation total, and runoff is included in the . 
VB. On days with P ^ 1.00 inch, the total amount of precipitation 
is considered to infiltrate into the soil. On days with P ^ 

1.00 inch, runoff is estimated from equation [7-4],: 
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[7-4] 


Runoffs = RR. -I 
1 1 

where: I = amount of water infiltrating into the soil 

$' 

= 0.9177 + 1.811 log RR. - 0.0097 log RR^ j(i-l) 100 [7-5] 

RR^. = rainfall in inches for 24 hr, ending the morning of 

day i+1 
SKi-1) 

lOQ. — i! = available soil moisture in percent of 

capacity (Sj) in the top zone at the end 
of day i-1. 

Equation [7-5], taken from Linsley, Kohler, and Paulhus 
(1949), gives the amount of water infiltrating into the soil 
as a function of 24-hr precipitation total and soil -moisture 
content in the top zone before the day with precipitation. A 
level soil surface is assumed. Daily runoff is listed in the 
output of the VB program. 

It is assumed in the VB model that the water infiltrating 
into the soil recharges the moisture content in the top zone 
to its field-capacity value and that the remaining water 
infiltrates into the next zone and so forth until either all 
infiltration water is used up or all zones are brought to 
capacity. Drainage is obtained on days when the precipitation 
exceeds the total of ETP, runoff, and the sum of moisture 
deficits over all zones. 
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7.2 Biometeoroloaica.1- Time (BMT) 

The moisture budgeting routine includes by necessity an 
estimation of the phenological events, i.e. , a crop calendar. The 
procedure used by the EarthSat "System" was deveT.oped by Robertson 
(1968). 

The biometeorological time scale (BMT) for wheat -and other 
cereals uses day and night temperatures and photo period. .The 
phenological events estimated by BMT for wheat include: 

• Emergence (E) - the date when a specified- plant density 

can be seen. 

• Jointing (J) - the earliest date of the first internode 
elongation. (This stage usually occurs just prior to the 
appearance of the ,5th leaf.) 

• Heading (H) - defined as the stage when the base of the 
head reached the same height as. the base of the shot 
blade. 

• Soft Dough- (S) - the stage at which the kernel can be 
easily deformed but no "milk" or liquid appeared under 
pressure. 

.* Ripe (R) - when the kernel can no longer be deformed by 
finger pressure, but could still be cut by fingernail 
pressure. 

Marquis wheat was used in the tests, by Robertson which were conducted 
over extended periods in Canada and Argentina. 

The final model is a tri quadratic equation which relates the 
daily photoperiod and the daily maximum and minimum temperatures to 
plant maturity from planting (must be specified): 
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m = |a’(L-a ) + a’(L-a ) IIb'{T -b ) + b'{T -b 

Si[Ll 0 2 ojcilo 21o 

2 >| 

+ d'(T -b ) + d'(T -b } 

1 2 0 2 2 0 J 

where 

L is daily photoperiod 

T is daily maximum temperature 
1 

T is daily minimum temperature 
2 

and a , a , a , b j etc. are characteristic coefficients. 

0 12 0 

7.3 Initialization for the 1975 Season 

Since the system start date was after the nonnal planting 
period in most regions, accurate assessment of the status of each 
cell, as of the start date, was essential. Three critical parameters 
are planting date, soil moisture levels, and estimation of stress ' 
that had been experienced from planting to the start date of 1 
June. Since the model is iterative, initial errors will be propagated 
throughout the entire growing season. While the magnitude of these 
errors have not been determined, the qualitative effects can be 
estimated. 

Since planting is a discrete event, it can be accurately 
measured-. The data used this year were supplied by the U.S. Department 
of Agriculture and were in the form of mean planting dates by crop 
reporting district. The dates ranged from late April in southern 
South Dakota to late May in Montana and North Dakota. On average, 
planting was delayed by 2-3 weeks due to heavy spring rainfall. 

More difficult to assess is the amount of stress experienced 
by each cell from planting to 1 June. The yield relationship in 
this project defines yield as a function of planting-ripe average 

• 7-11 




daily stress. Thus, for each cell, estimates of the dates of 
significant phenol ogi cal events were required where these events * 
occurred prior to 1 June. In Montana and North Dakota, almost all 
dress were at or before emergence. Minnesota was estimated to be 
between emergence and jointing. For the most part. South Dakota 
followed the same pattern as Minnesota, however; the southern crop 
districts were past jointing. In order to estimate stress, soil 
moisture profiles at planting were generated using NOAA soil moisture 
measurements. Combining these data with observed weather, historical 
weather and historical dates of the phenological events, it was 
possible to estimate changes in the soil moisture profile and, 
consequently, derive a stress value for each area. This process 
was repeated for each crop reporting district within the study area 
and spread to. each' cell within the respective crop districts. 

Equally important and directly following from the stress 
estimation were assessments of the growth stage of each cell as of 
1 June. Since the BMT calculation is of daily change, initial 
growth stage errors would cause a shift of the growing season. The 
timing of meteorological events with respect to plant growth stage 
is critical, and thus a shift of an event,, especially when near a 
change in growth stage, can have a large effect. In this project 
the average historic length of the interval within which 1 June 
fell was divided into the number of days from the start' of the 
interval or growth stage to 1 June given a fraction between 0 and 1. 
Using the intervals defined in section 7.2, 0 - planting, 1 - 
emergence, ...» 5 - ripe, this fraction is added to the value of 
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the preceeding event. This procedure was repeated for every crop 
district, and spread to each cell within the district. 

Measurement of the soil moisture profile is a more complex 
problem. Soil profiles obtained within the same field will vary 
significantly from each other. The source of the data used for 
this project was provided by NOAA (Dr. Richard Felch). Data were 
provided for starting soil moisture as of April 5th and May 3rd. 

As the closest to the model start date of 1 June, the May data were 
used. These data indicated that Minnesota and most of North Dakota 
were at capacity in each soil type. The western and central crop 
districts appeared to be close to capacity with the remaining areas 
at or below 50%. Similarly, South Dakota ranged from about 75% in 
the northeastern area to 25% in the southcentral district. ' Figure 
7-2 presents a map of the starting soil moisture percentages as 
assigned to each cell within the district according to local soil 
categories. That is, total soil moisture for a cell was obtained 
by multiplying the Crop Reporting District's percentage times the 
capacity of cell's soil type. The resultant total moisture was 
further allocated to each layer on the basis of the 5,20, and 75% 
standard zone definition discussed in section 7.1.1. 

7.4 Plant Growth/Moisture Stress Diagnostic Error and Sensitivity 

Analyses 

Evaluations of the errors and sensitivity associated with 
the 1975 operations of the EarthSat "System" Plant Growth/Moisture 
Stress functional elanent requires separate evaluations of the Baier 
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Figure 7-2: Initial soil moisture 







VB model and its sub-elements as implemented and the Robertson BMT 
model as implemented. The basic mathematical discussions associated 
with each of these models has been presented in Sections 7.1 and 
7.2 respectively. The following sections will examine the relation- 
ship between the ground observational data at the USDA sites including 
the neutron probe data acquired under subcontract, USDA gravimetric 
data at selected sites, and crop growth stage estimates. The 
evaluations of the soil moisture profiles and actual transpiration 
(ET) will be limited, in part, by the available ground data and its 
inherent lack of representativeness. 

7.4.1 Growth Stage (BMT) Evaluations 

The Robertson (BMT) model, as described in Section 7.2 
and as implemented in the EarthSat "System" in 1975, provides 
growth .stage estimates in each 12.5 x 12.5 nautical mile cell 
for each day of the 1 June - 30 August test period. Growth 
stage observations were collected from 7 of the USDA ground 
truth sites. The growth scales used were not the same, 
however, so we have made an attempt to equate them. The best 
estimate is shown in Table 7-1. Once comparable scales were 
established it was a rather straightforward procedure to 
evaluate the errors. 

Assuming that our scale match (Table 7-1) is correct we 
used the USDA field reports to define the percentage frequency 
of fields in each growth stage. The median "site" growth 
stage was derived from these distributions. BMT - 2 (Jointing), 
BMT = 3 (Heading), and BMT = 4 (Soft Dough) were used for the 
evaluation since these stages are critical to the soil moisture 
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TABLE 7-1 


Not Planted 
Planted - No 
Emergence 


Jointi ng 

Booted 

Budded 

Heading 

(Flowered) 


Soft Dough 
Ripe 

Harvested 


BMT/USOA GROWTH STAGE COMPARISONS 


BMT PLANT 

USDA 


PROCESS ' 

-1 

1 

Not Planted; 

Emergence 0 

2 

Planted - No Emergence 

1 Shoot 

3 

Emergence 

Extension 



•• 2 

4 

Tillering Pre-Boot 

(2.5 est.) 

5 

Booted 

3 

6 

Beginning to Head 

(3.2 est.) Flowering 

7 

Fully Headed or Flowered 

(Pollination) 

4 Filling 

8 

Beginning to Ripen 

5 

9 

Ripe Mature 

-1 

10 

Harvested 
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budgeting and yield evaluation. The median day was defined 
from the Julian days (J-day) of the USDA ground observations. 

The comparisons are summarized in Figure 7-3. Interpolation 
was used to determine the date of occurrence of the BMT = 2, 3 
and 4 J-days. Two sites did not report any spring wheat, 
i.e.. Hill and Glacier, while Polk and Hand did not provide 
enough reports to estimate each of the three phenology events. 

While the small sample size precludes definite conclusions 
two observations can be made about to the BMT model's performance 
First, taken as a group, the error level is well within an 
acceptable range with an average absolute error of 3.4 days. 
Secondly, there may well be a systematic error in the model. 

Toole and Liberty composite values were similar (in terms of 
error) throughout the season with the predicted BMT values 
running ahead of the observed, i.e., the clock was "fast." 
Similarly, the three North Dakota sites (Burke, Williams, and 
Divide) had similar responses initially behind predicted BMT 
but eventually were ahead of it. The two observations for 
Hand show that the model is behind observed data, i.e., the 
clock is “slow" in both cases. An analysis of reported 
planting dates does not support attributing the Montana and 
South Dakota errors to error in planting date. Additionally, 
the relative change observed in the North Dakota sites suggests 
that the model may not adequately respond to certain temperature 
situations. All of this presumes, of course, that the reported 
observations are "truth" and do represent the growth stage of 
the spring wheat test site. Prior tests of the Robertson 
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model over 66 location years of data in North Dakota seemed to 

V 

suggest that BMT = 2, 3 and 4 were +9, +5, and -1 days respectively 
from the observed. The Robertson model does not consider soil 
moisture level which does appear to be significant, e.g., some 
years with slow growth were moisture deficient, while those 
with rapid' growth showed a tendency for "normal moisture." 

In conclusion, it appears that the model is working 
adequately and does give a reasonable estimate of plant growth 
stage. The System Sensitivity evaluation for BMT (Section 9) 
will examine the model in light of the observed errors. 

7.5 ET Error Analysis 

A critical function of the AGRUN subsystem is the accurate 
estimation of daily evapotranspiration (ET) in each I,J,K cell 
within the study area. ET serves a dual role in that it measures 
the daily change in the plant-available soil moisture profile as 
well as being used to assess yield when through a ratio with ETP. 

Figure 7-4 shows a schematic of the Plant Growth Model which illustrates 
the interrelationships between calculated and observed variables. 

The feedback nature of the model makes accurate estimation of ET a 
necessity since errors will be propagated through time. 

7.5.1 Overview of Analysis 

ET can only be evaluated as it relates to changes in 
the soil moisture levels since the neutron probe data only 
provides the net change in soil moisture between measurements. 


7-19 



The ET calculated by the Baier VB model in the "System" uses 
the METRUN ETP and precipitation estimates which are area not 
point estimates. The calculated soil moisture thus may have 
errors associated with the area aggregates. Because of these 
uncertainties our ET error analysis emphasized evaluation of 
each of the key components of the ET calculation. The basic 
equation for ET (discussed in Section 7) is: 

3 -W(ETP - ETP) 

ET = s DC. . K. . ETP . e L 

i=l ^ ^ 

where 


DC. = Sj(i-l) Zj 
It directly follows that 
SM. = - ET.j + I 

where I is the amount of infiltration of rainfall (usually 
equal to the rainfall but reduced by runoff in instances of 
large rainfall amounts). The ET evaluation thus should best 
consider each component of in equation [7-7]; and include 
effects of ETP errors, precipitation/infiltration errors and 
starting soil moisture level errors. In order to reduce the 
number of variables being examined and place emphasis on the 
most significant ones it was assumed that the random error 
associated with ETP would cancel out the impact of the atmospheric 


7-20 



iZ'L 


SYSTEM DIAGRAM OF PLANT GROWTH MODEL 
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Figure 7-4: System Diagram of Plant Growth Model 






[7-9] 


-.Olw(ETP^-ETP) 

adjustment factor e 

The major terms evaluated therefore were the crop rooting 
coefficients. The neutron- probe and gravimetric data were 
considered "truth" in spite of the known problems with each of 
these techniques of soil moisture measurement. 

7. 5. 1.1 Dry Down and K-Coefficient Evaluations on ET 

The importance of the dry-down curve component, 
DC in equation [7-7] was stressed at the project Mid- 
Term review and thus a primary emphasis placed on 
evaluating this component. In the 1975 test 'the A and 
D dry-down curves were used (see Figure 7-^). During 
the initial evaluation phase, prior to the interim 
report, several comparisons of reported soil moisture 
levels with predicted levels indicated that the D curve 
(used in type 1 and 4 soils as defined in' Section 4) 
tended to be overly restrictive, i.e., a. greater amount 
of moisture predicted less change in total profile than 
observed. As a result of these observations, and the. 
discussions held during the interim .review, a third new 
dry-down curve was developed in which moisture is freely 
available to the 35% capacity level and then is restricted 
This curve lies between the E and F curves in Figure 7-1 
and is referred to as the E-normal curve. 

The rooting coefficients, i.e., K-co efficients, 
are an integral element of the VB model relating closely 
to the dry down. Several sets have been derived by Baier 
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over the years. Two sets are shown in Table 7-2. The 
newest of the set of coefficients were substantially 
different from the set used in the 1975 operational 
test phase. Consquently* since these coefficients are 
very important it was felt that the error analysis of 
ET should include an evaluation of each set of coefficients, 

7.5.2 Methodology 

Upon receipt of the neutron probe final reports from 
Montana State University and North Dakota State University, a 
data file was constructed which would permit repetitive 
processing of the Plant Growth Diagnostic model on each I,J,K 
cell containing a reporting intensive test site. The Agronomic 
Season Master File (described, in Section 5) contains, in 
addition to the variables describing plant status and history, 
the daily weather parameters used in the plant model: maximum 
and minimum temperatures, potential evapbtranspiration (ETP), 
and. precipitation. These variables were extracted for each 
study cell and merged onto the test site file. 

7. 5.2.1 Point to Area Precipitation Evaluations 
Since the neutron probe and gravimetric 
analysis are point measurements, .any error analysis of 
E-T using these data is meaningless unless the rainfall 
at the I,J,K cell level is representative of the actual 
rainfall at the probe site. In an attempt to assure 
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TABLE 7-2 


OLD COEFFICIENTS 

STANDARD P-E ^ ^ 

ZONE R-P E-J 

1 .60 .55 .40 .45 

2 .20 .30 .35 .35 

3 .00 .00 .15 .20 


NEW COEFFICIENTS 


1 .40 .40 .40 .40 

2 .27 .33 .40 .50 

3 .-13 -17 .25 .30 


S-R 

.45 

.35 

.10 


.40 

.50 

.25 
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representative rainfall field gauge reports from the 
USDA Ground Truth sites were used to provide rainfall 
estimates- at each of the test sites. Five gauged 
fields within each test site were selected to provide a 
reasonable spatial sample of the test site. The 
rainfall amounts for the sample fields numerically 
averaged to derive an estimate of precipitation for the 
probe hole site. Variations between gauge readings 
within a site ran as high as 3mm in a light {<12. 5mm) 
event and 12.5nm in heavier amounts (>^25. 5mm). 

Merging the derived site rainfall estimates 
into the test site archive file created a data base 
which could be repetitively processed using differing 
combinations of dry-down curve, k-coefficient, or 
rainfall event. In the analyses the soil moisture 
budgeting model was initiated on the date of the first 
probe measurement in the June 1st to August 30th time 
interval using the moisture level observed on that 
date. For the neutron probe data, volumetric readings 
were available which permitted the estimation of the 
1/3 bar to 15 bar moisture capacity at each site. 

Since the readings gave capacity in layers (O-lOcm, 10- 
25cm, 25-40cm, 40-60cm, 60-100cm) it was possible to 
estimate the capacity values in terms of the 3 standard 
soil zones used by the Soil Moisture Budgeting model. 
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For each probe site used, the growth model was 
run in 12 operating models including 3 different, dry- 
down curves, 2 sets of k-coefficients, and 2 sets of 
precipitation readings. The model operated from the 
date of the first probe measurement, using observed 
soil moisture readings as a start point, through to 
the end of the season. On the dates corresponding to 
probe readings subsequent to the first, the two soil 
moisture readings observed and predicted, were obtained. 

For each of the 12 modes, an error histogram was constructed 
by calculating the differences between observed and 
predicted readings. No corrections were introduced 
after model "turn-on." 


7.5.3 Analysis of Results 

The composite error histograms for all 12 operating 
modes are shown in Figure 7-5; positive errors indicate that 
the soil moisture levels measured by the probe were greater 
than the model predicted, negative results mean that the soil 
moisture levels measured were higher than observed. The 
analysis of the histograms was based primarily on the median 
error value for two reasons. First, the range of values did 
not. substantially vary among modes because two or more soil 
types were used for each test site. Sand and loam soils were 
included in an effort to find a best or most representative 
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COMPARISON OF NEUTRON PROBE MEASUREMENTS AGAINST DRY-DOWN CURVES 

(MEASURED - PREDICTED) 


NEW K . OLD K NEW K 



METRUN PRECIPITATION FIELD GAUGE PRECIPITATION . 

Figure 7-5: Comparison of Neutron Probe Measurements against Dry-down Curves. 

(Measured-Predi cted) 



(jpy-down curve for the type 1 soils. (It should be noted that 
soil type class 1 was used for all the intensive test sites in 
the 4-state study area.) Seconds it was felt that the mixture 
of soil classes might distort the interpretation of an arithmetic 

mean. 


TABLE 7-3 

MEDIAN ERROR RANGES (IN MM.) 


CURVE 

E-NORMAL 0 
D- PROJECT -20 
A-SANDY +15 


METRUN 

PREC 

• 

OLD K 

NEW 

to -5 

+5 

to 

to -25 

-15 

to 

to +20 

+25 

to 


K 

OLD 

+10 

-5 tO' 

-20 

-15 to 

+30 

+10 to 


FIELD PREC. 

K NEW K 

-10 0 to -5 

-20 -10 to -T5 

+15 +25 to +30 


Examination both of the histograms and the median error 
ranges (Table 7-3) for each mode indicates that the E-norma-1 
curve is the best general approximation of the 3 curves examined 
for both models of precipitation and k-coefficients. The D 
and A curves are restrictive and too free respectively in the 
soil moisure budgeting process. It is immediately apparent 
that, among the 3 variables tes.ted. the estimation of ET estimates 
are most affected by the dry-down curve. The use of 
the new k-coefficients causes a positive shift of the median 
error of about 5mm from the old k-coefficients. The field 
precipitation estimates appear to cause a negative 5mm shift. 

The precipitation error analysis indicates that the reason for 
this is the METRUN tendency to overestimate small precipitation 
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amounts and to estimate light rainfall amounts where none was 
observed. 

Within the 4 analytical modes for the E-normal curve, 
it is difficult to determine which set of k-coefficients is 
best. The sensitivity of the model to the dry-down curve make 
the observed changes due to different k-coefficients statistically 
insignificant. 

Further analysis of ET was conducted using time series 
plots of model versus probe responses (Figures 7- 6 through 7- 
10). Of particular interest is the fact that each curve seems 
to have a lower limit. That is, for a certain dry-down curve 
and set of k-coefficients, there exists an effective lower 
limit to the amount of soil moisture predicted for the profile. 
Examples of this can be seen in Figure 7-6 (Burke County), 

Figure 7-7 (Liberty County), and Figure 7.9 (Williams County). 

The limit for the E-normal, D and A curves appears to be 17%, 

35%, and 0% of the soil capacity respectively. The limit 
observed by the neutron probe samples, as for example in 
Liberty County, Montana (Figure 7-7) should define the type of 
dry-down curve for that soil. At the Liberty- site a curve 
that is limiting after 90% might be best.— ^ 

Using the same test criteria, comparisons were made 
against the gravimetric analysis readings shown in Table 7-4. 

The major reason for evaluating this data separately was that 

y The moisture release characteristics of soils is a function of texture, 
and may be, in part, related to the presence of stones, local compaction 
etc. Liberty has large stones visible on the surface. 
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Figure 7-6: Burke County Comparison 
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WILLIAMS COUNTY COMPARISONS 
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Figure 7-9: Williams County Comparison. 
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-igure 7-10; Toole County Comparison. 




the measurements were taken only at the significant growth 
stages which meant that in 3 of the 4 sites only two readings 
fell with the June 1st to August 30th model interval. Consequently, 
for the North Dakota and Montana sites, only one error measurement 
was possible. These data are summarized in'Figure 7-n which 
has the same format as the error histograms derived from the 
neutron probe comparisons. For each site, two probe measurements 
were used. • 


TABLE 7-4 

USDA GRAVIMETRIC DATA 


Soil No. 

Burke, N.D. 

Divide, N.D. 

Hand, S.D. 

Glacier, Mt. 


75ND-13-3 and 75ND-13-4 
75ND-23-1 and 75ND-23-2 
7550-30-2 and 755D-30-5 
75MT-35-1 and 75MT-35-2 


The start point was taken to be the soil mositure amount 
measured at heading distributed using the 5%, 20%, 75% standard 
layer concept discussed above. Comparisons were made between 
predicted and measured soil moisture levels at the Dough 
Stage. 

The size of the data set prevents any significant 

V. 

conclusions to be made. However, in comparison to the neutron 
probe data for the Montana and North Dakota sites, the Heading 
measurements are of the same magnitude. However, uniformly, 
the gravimetric analysis readings for Soft Dough are substantially 
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COMPARISON OF GRAVIMETRIC MEASUREMENTS AGAINST DRY-DOWN CURVES 
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below corresponding neutron probe levels. Correspondingly, 
the "best" mode approximation to the data appears to be the 
sandy dry-down curve. 

7.5.4 Errors as Applied to the 1975 Season 

A major question which is yet unanswered is the impact 
of the D-curve selection for all type 1 soils for the 1975 
season. A complete answer to this question would require more 
exact knowledge of the actual dry-down curves everywhere in 
the study area. However, a partial answer was attempted by 
growing four sites (Williams and Burke in North Dakota and 
Toole and Glacier in Montana) from June 1st, with the estimated 
start soil moisture conditions and capacities. Comparisons 
between the D and E curve estimates could then be made for 
those dates having neutron probe readings. These data are 
shown in Figures 7-12 through 7-15. It appears that Williams 
County (which started at 75% of capacity) experienced higher 
average stress due to the use of the D-curve instead of the E- 
curve. A similar situation appears in Glacier County. Conversely, 
both Toole and Burke appear to have been adequately represented 
by the D curve. 

In summary, the use of any one dry-down curve will 
introduce some error. The analysis reported in Section 7.5.3 
indicates that the E-normal dry-down curve in conjunction with 
the old k-coefficients gives as good a representation of ET as 
can be expected. The error histograms, indicate that without 
specific local knowledge, the probable instantaneous error 


7-37 



SOIL MOISTURE {mm.) 


150 


&N0BMAL 
NEUTRON PBQBE 


E 

E 


ui 

cr 

o 

*5 

s 


o 

(0 


100 H 



150 



170 190 210 

JULIAN DATE 


“I 

230 


1 

250 



WILLIAMS COUNTY, NORTH DAKOTA 
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Figure 7-12: Comparison of Neutron-probe readings to soil moisture levels derived from 

E-normal and D-project curves using project start conditions. 
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Figure 7-15: Comparison of neutron-probe readings to soil moisture levels derived from 

E-normal and D-project curves using project start conditions. 


range for estimation of the total profile will be on the order 
of + 25mm. The time series graphs indicate that in several 
cases an error level is reached then maintained, neither 
increasing nor decreasing. Thus, the impact of the wrong 
curve. selection will be most evident when the soil is in a 
drying phase. If the moisture drying-filling cycle is repeated 
over time, the effect on average stress can be significant. 
Assuming that this cycle happens once, the inherent' stabi-1 ity 
caused by the. feedback nature of the ET-SM model clamps the 
error and reduces the effect on the average stress to the 
equivalent level of about 2.5 - 3.5 bu/acre for those sites 
represented by the wrong curve. The aggregate error will be 
substantially less. 

.. 7.6 Start Condition Error Analysis 

Since the June 1st start date for model processing was after 
planting for all Crop Reporting Districts (CRDs) in the study area, 
the estimation of the start conditions, including, both soil moisture 
. and plant growth parameters, was of major importance. As was seen 
in the discussions on BMT and ET, the model is an additive feedback 
system. This means that initialization errors will cause offsets 
which will affect every day thereafter. The BMT model estimates 
daily change in growth stage based on the stage at the beginning of 
the day. Hence an initial error will systematically bias the 
growth stage estimates for the remainder of the season. Similarly, 
since the yield model used in this project is based on pTanting-to- 
ripe average stress, the effects of errors in estimating pre-June 
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1st moisture stress will vary with- the magnitude of the error and 
the length of time the assumption was made for. 

In this project, there were two factors of prime concern.. 

First, the best soil moisture measurements available for the estimation 
of the June 1st soil moisture profile were the May 3rd Palmer 
analyses supplied by NOAA. These estimates were applied without 
change. Second, as of June 1st most of South Dakota was past 
emergence and three CRDs were at or past jointing (Central, South 
Central, and South East). Thus, estimates of pre-June 1st moisture 
stress would carry significant weight in the final yield estimates 
for these areas. Analysis, of the validity of the initialization 
assumptions is therefore necessary. 

The method used was essentially the same as in the ET error 
analysis. Specifically, fifteen Cooperative Climatologic Weather 
Stations in the four state area were selected, and the four necessary 
weather parameters extracted (i.e. , temperature maximum, and minimum, 
precipitation, and pan evaporation for ETP). While many stations 
report temperature and precipitation data the determining factor in 
station selection was the availability of these data and pan evaporation 
from May 4 or as close to that date .as possible.. These data were 
entered into a data base and the Plant Growth Model run on the data 
beginning on May 4th using May 3rd soil moisture and USDA .planting 
dates. An assumption was made of a type 1 soil (175mm) and E- 
normal dry-down curve. The last day processed was May 31st and the 
cell status at the end of that day provided a basis.for comparison 
with the start condition estimates. 
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A tabular listing of selected results of the comparative runs 
is shown in Table 7.5. The columns headed "est." show the start 
condition estimates used in this project. The columns headed 
"model" I'i St the results derived from the Plant Growth Model run or- 
the co-op stations. The results of the analysis are given on a 
state by state basis below. 

Montana 

Four co-op stations from 3 CRDs were processed. BMT comparisons 
in this state were not available. Examination of the soil moisture 
estimates showed a maximum error of 12mm or 6.8% of the total 
profile. This is well within acceptable tolerances and below the 
expected error resulting from the use of' a generalized dry-down 
curve. More significantly the estimated stress was substantially 
below. measured. The net effect of this error would be to raise 
planting-to-ripe average stress by about 0.035 based on a 90 day 
growing season. 

North Dakota 

Four co-op stations were grown in four crop reporting districts 
(WC, SE, NW and NE). BMT comparisons were available at Williston 
and Langdon. The Williston error was insignificant while the 
Langdon error corresponded to about a 3 day effect. The soil 
moisture errors remained in the acceptable area, ranging from 20mm 
in Williston to 2mm at Dickenson. The stress errors for Williston 
and Dickenson were high, but offset by the fact that the error was 
made for only two days. Riverdale and Langdon estimates were much 
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TABLE 7-5 


COMPARISONS OF ESTIMATED AND PLANT GROWTH MODEL RESULTS 

FOR MAY 31. 1975 


STATION (CRD) 


BMT 

SOIL MOISTURE 

AVG. 

STRESS 





(of a 

175mm Profile) 





EST. 

MODEL 

EST. 

MODEL 

EST. 

MODEL 


Tiber Dam Mt. (NC) 

0.70 

NA 

89.05 

77.73 

0.30 

0.71 

7 

Ft. Assinniboine, 








Mt. (NC) 

0.70 

NA 

89.05 

97.17 

0.30 

0.72 

7 

Ft. Peck, Mt. (NE) 

0.82 

NA 

52.01 

53.50 

0.30 

0.79 

9 

Huntly, Mt. (C) 

0.70 

NA 

170.81 

158.86 

0.30 

0.52 

7 

Riverdale, ND (WC) 

0.45 

NA 

175.00 

158.18 

0.40 

0.52 

6 

Dickenson, ND (SW) 

0.09 

NA 

160.8 

158.53 

0.40 

0.80 

2 

Williston, ND (NW) 

0.09 

0.13 

131.21 

111.80 

0.40 

0.78 

2 

Langdon, ND (NE) 

0.73 

1.07 

120.94 

105.39 

0.40 

0.21 

9 

Redfield, SD (EC) 

1.75 

1.97 

144.84 

132.76 

0.50 

0.53 

28 

Oral, SD (SW) 

1.50 

1.27 

83.10 

78.18 

0.50 

0.58 

18 

Lake Sharpe, SD (C) 

1.95 

2.03 

98.00 

76.75 

0.50 

0.86 

20 

Shadehill Dam, 








SD (NW) 

0.70 

1.31 

115.69 

,96.03 

0.50 

0.77 

17 

Oake Dam, SD (C) 

1.95 

1.88 

98.00 

81.71 

0.50 

0.57 

28 

Sioux Falls, 








SD (SE) 

2.05 

' 2.12 

109.37 

79.72 

0.50 

0.66 

28 

Lamberton, MN (SW) 

1 .81 

2.07 

175.00 

131.86 

0.30 

0.62 

28 
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closer with the Langdon error causing a net rise of 0,02 in average 
stress based on a 90 day season. 

South' Dakota 

Because of the advanced growth stage of South Dakota at model 
start, six stations in five CRDs were examined. Comparative 
analysis shows basic agreement, with errors corresponding to a day 
or two at worst. The one exception appears to be in the Shadehill 
Dam area where the error corresponds to a lag of about 6 or 7 days. 
The soil moisture follows the pattern seen in Montana and North 
Dakota.. The model profiles tend to be drier than estimated. The 
bulk of the errors fall in the 10- 20mm range. Sioux Falls shows a 
30mm .drying pattern. Of additional concern, especially because of 
the growth stage, is the stress comparison. Using the model 
measurements as "truth" the effects on average stress vary from 
0.01 in Redfield, 0,08 at Lake Sharpe, to 0.05 at Sioux Falls. 

Mi nnesota 

Only one co-op station met the data requirements, in Minnesota, 
Lamberton in the Southwest CRD. The BMT error was small, about 2 
or .3 days. The soil moisture error was more than 40mm, or 25% of 
capacity. ■ Similarly, the stress estimate was low for this area 
resulting in an understatement of average stress by about 0.10. 
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8.0 YIELD FORECASTING. EVALUATION 


4 

The operational portion of the EarthSat 1975 test was conducted in 
the period from early June until the end of August.' During that testing 
period, al.l efforts. .were directed to setting up and implementing the 
"System" over the four-state, upper Great Plains test region. Yield 
forecasts were prepared beginning on 7 June 1975 and were continued at 
two-week intervals for the entire season. The yield model used in that 

I ' 

time had been previously developed for North Dakota. The "future 
weather" part, of the yield forecast was the simplest possible, i.e., 
persistence where the (average) future is the same as the (average) 
past. The resul.ts of this North Dakota model test and subsequent 
regional and procedural adjustments will be the subject of evaluations 
discussed in the following paragraphs of this section. 

8.1 B ackground and General Problem 

The basic objectives of the EarthSat "system" approach to 
yield forecasting are contained in two words; i.e.,, sensitivity and 
explicitness. Can we achieve accurate yield forecasts for various 
geographical .regions of the world with minimum regression coeffic- 
ient adjustments? Can we "explain" and even see, through the use 
of repetitive remote sensing techniques (i.e,„ LANDSAT) the mani- 
festation in the plant of our -prediction? 

The large area regression approach, which has been employed 
reasonably successfully over the past two- or three decades and most 
recently was used by McQuigg in the NASA/USDA/NOAA Large Area Crop 
Inventory experiment, has basic limitations that impact achievement 
of the objectives stated in the previous paragraph: 


8-1 




a. They are fully data dependent in that they represent a 
sample draw from a unique environment and a constantly 

• changing climate. 

b. The relationship between cause and effect are obscure 
because the large area regression models do not specific- 
ally examine physiological interactions between the 
environment and the plant/soiT system. 

c. The spatial variations in nutrients, soil water charac- 
teristics, etc', are handled' implicitly in the historical 
yield data and as such cannot represent specific varia- 
tions in these cause and effect factors. 

the EarthSat "system" has made a significant breakthrough in 
the one area that has truly limited the opportunity for weather 
yield models to examine new approaches. The EarthSat "system" 
weather diagnosis provides accurate weather data on a grid interval 
that has heretofore been impossible to obtain. The- availability of 
such data permits an assessment of the environment that drives 
plant growth and influences yield via its influence of the physio- 
logical processes operating in the- plant. Net radiation and pre- 
cipitation data have not been available on a fine grid mesh on a 
regular six-hour basis over the entire globe. The EarthSat "system" 
utilizing ground observation and meteorological satellite provides 
such data potentiality in- a very timely, accurate, and. economical 
manner. . 

8.2 1975 Operational Period Model Evaluation 

The' 1975 operational period yield estimates were, as previously 
stated, prepared with a model developed from three counties in 
North Dakota. Yield, Y, in bushels per -acre was given by: 
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Y = -10.05556 + 0.56386 • YR -31.2954(5) 


[ 8 - 1 ] 


where J is the average daily plant stress from planting to ripe and 
YR is the year (=75). The simplest possible "weather simulator" 
was assumed: T for the entire season was taken to be exactly the 
same as the value which had existed from planting to the date from 
which the yield was being projected. 

The use of county yield data has been questioned in the past. 
In order to test this approach, we have examined the relationships 
between the county and CRD yields (See Figure 8-1). Here the 
county-level yields for 1950-72 for three North Dakota counties are 
plotted with the corresponding calculated crop reporting district 
yields, for the same year. The data are closely distributed about 
the 1:1 line. Williams county yields tend to be lower than those 
for Its crop reporting district (Northwest). This can be explained 
by its location in the drier portion of the district. The wide 
distribution of the selected counties within the state seem to 
contribute to the generation of a reasonable state-wide regression 
expression. 

The above equation was used to predict yields for each of the 
,12.5-mile cells. County yields were calculated using the straight 
numerical average of the N cells assigned to the county: ; 

Y = z Y. [8-2] 

Yields at the crop reporting district level and state level were 
formed by weighted aggregations of the next smaller reporting unit: 
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COUNTY YIELDS 


NORTH DAKOTA COUNTIES 
o WILLIAMS (WILLISTON) 
• BURLEIGH (BISMARK) 

X CASS (FARGO) 



Figure 8-1: Relationship between county-based yield regression 

data and the crop reporting district yields they produce. 
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N 

Y> - Y R 

crd " co^ ' (co/crd)^. 

''^st ” -^1 • ^(crd/st). 

31 - 1=1 1 1 


[8-3] 

[8-4] 


where the R's represent the fraction of planted wheat acreage in 
the larger aggregate contained in each element of the smaller 
aggregate. These fractions represent the average of all available 
data beginning in 1970. (Note that the R's are defined such that 
N 

z R. = 1.0.) 

i=l ^ 

8.2.1 North Dakota Model Performance 

Figure 8-2 illustrates the manner in which the pre- 
dicted yield varied through the season as a function of 
prediction date. There was a general rise through June as the 
very wet weather lowered the average daily stress. The drier 
conditions of July and August raised the average stress and 
lowered the yields to near their initial values. Table 8-1 is 
a summary of the predicted state and crop reporting district 
yields as of August 16, 1975. Since virtually all cells were 
ripe by this date, this prediction can be taken as final. 
Preliminary September 1 yield estimates supplied by USDA 
showed our yields to be low by about 2.2 bu/a in Minnesota and 
Montana, and by only 0.5 Bu/a in North Dakota. They were too 
high by 6.7 Bu/a in South Dakota. 

Identification of- the factors contributing to the 
errors fall into two main areas: 1) the trend line, which 

accounts for non-weather related technological factors, and 2) 
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TABLE. 8-1 


EARTH SATELLITE CCR'P. 
ESTIMATED YIELD (QU/A) 

STATES t CROP RcPQRTlNG UIS-TMCTS 
PROJECTED FROM AUGUST 16, 1975 


STATE • CROP -REP* CIST* .YIELO 

PCNTANA . 22. EO 

NORTH central 23. *^3 

NORTHLAST 22.19 

CENTRAL 25. A9 

SOUTH CENTRAL 24.53 

SOUTHEAST 22.83 

SOUTH 'DAKOTA 25.68 

northwest 24.11 

NORTH CENTRAL . 26.45 
NORTHEAST 25.90 

WEST central 2'3. bo- 

central 25.00, 

EAST central 26.30 

SOUTHWEST' 23.70 

SOUTH central 25.87 

SOUTHEAST 24i9S 

NORTH DAKOTA 26.^8 

NORTHWEST 24.53 

NORTH CENTRAL 2X.03 

NURTHC-ASr 27,31 

WEST CENTRAL 24; 96 

CENTp.AL 26.71 

EAST central 27., 93 

SOUTHWEST 25.33 

SOUTH, CENTRAL 26.78 

SOUTHEAST 28.17 

MINNESOTA 28.86 

northwest 28.85 

NORTH CENTRAL 29.24 

WEST CENTRAL 28.91 

central 28.74 

SOUTHWEST 28.17 

• SOUTH CENTRAL 23,43 
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the stress effect which accounts for departures from the trend 
line due to weather. Figure 8-3 presents a plot of North 
Dakota yield since 1950.' The filled circle indicates our 
estimated 1975 yield', the X indicates USDA’s 1 September 
estimate. It is felt that the most reasonable definition of a 
technology trend-line should be based on only those ypars in 
which yields are highest (i.e., weather has the least influ- 
ence on technology). Stress then would be used to estimate 
the decrease in yield due to weather. The solid line in 
Figure 8-3 is the trend line from our regression equation. It 
agrees well with the data points, but it is probably rising 
too steeply in recent' years. A more reasonable trend as 
suggested by Dr. McQuigg of NOAA CCEA is shown as a dashed 

line. 

8.2.2 1975 Yield/Stress/Phenoloqy Relationships 

Figure 8-4 displays a map of sampled cell yield values. 
These correspond to cells at a spacing of 50 miles and do not 
represent aggregations. The general decrease in .yield from 
east to west is a reflection of the rainfall distribution. • 
Stress presented as a function- of phenology (figure 8- 
5-) generally parallels the- overall rainfall distributions, 
i.e., low stress in the east, higher stress to the west. In 
this case, the highest stress is found in eastern Montana. 

The values in Figure 8-5 are stress averaged as a- function of 
phenology. Comparison of the BMT 2-3 (Jointing-Heading) 
stress pattern with the yields presented in Figure 8-4 suggest 
a -near one-to-one pattern relationship. 
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8.3 Post-Operational Yield Evaluation 

The post- operational yield evaluation phase of, the contract 
has been directed toward evaluation of those factors touched on in 
the material, presented in Section '8.2. drawn from the Mid-Term 
Report dated October 1975. Specifically, the following items have 
been emphasized and will be discussed in~ detail: 

a. Yield trend values have been derived for 22 Crop Report- 
ing Districts in the test region. 

b. Stress coefficients have been re-evaluated at various 
locations over the test area using- historical first-order 
weather station data rather than satellite data (i.e., 
the surface observations provide the cloud data as well 

as the other conventional observations used in the model). 
■ c. A factor to account for temperature stress ■ effects at a 
critical growth stage has been evaluated. 

d. Correlations of estimated and actual yield have been made 
to examine the effects of aggregation size on .accuracy. 

e. Final yield estimates were made at the Crop Reporting 
District and State levels using a simplified technique in 
which 61 sample cells were aggregated uti-lizing acreage 
weighting functions. 

f. Historical yield estimates have been prepared at several 
locations utilizing first order weather station data. 

g. A daily moisture- stress weighted model has been tested 
over a limited number of locations. This model provides 
a daily fractional reduction in yield on the basis of 
dally moisture stress. 



h. A Monte Carlo simulation model has been implemented and 
tested to permit more objective estimation of future 
weather factors. 

The following sections will present a discussion on each of 
the listed items. 

8.3.1 Yield Trend Analyses 

The yield trend question discussed briefly in Section 
8:2 is critical for this project as well as that of NOAA's 
CCEA Dr. McQuigg justifiably believes that the "normal ■ 
weather" trend is leveling its steep upward climb of the 
recent decade and actually shows evidence of a downward trend 
in some areas. This possibility is serious for the total 
world food picture. 

The EarthSat yield regression is subtractive by defi- 
nition, i.e., weather stress' is always considered as a detrac- 
tant from maximum possible yields. Specification of the base 
for a particular year is thus very important. Simplistically, 
the upper level base, yield'for a given non-nutrient limited 
soil 'is closely approximated by either experimental farm 
yields or irrigated field yields. For any given year, how- 
ever, the limit is defined through a combination of a learning 
curve for individual farmers and a diffusion curve which 
represents the rate at which new yield improvement processes 
are being implemented by the farm community. The basic form 
of both curves is sigmoid. ■ In the EarthSat "system", the 
specification of this Technology- Acceptance (T-A') trend must 
be defined from existing data on yields at both farm level and 
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CRD aggregated levels in relation to a knowledge of the rate 
of acceptance of: 

• fertilizers 

® herbicides 

• insecticides 

• seed treatment fungicides 

• new tillage practices 

• new equipment 
new varieties 

Review of these data demonstrates clearly that the form of the 
T-A trend is only manifest in the aggregated data of CRD level 
when weather stress has no significant yield influence. 
Thompson, (1975) demonstrates this overall pattern for corn 
yields in relation to experimental farm yields. In areas like 
Minnesota, and the eastern portions of North Dakota (the Red 
River) near T-A trend yields are common, hence the T-A trend 
is fairly evident. In the drier higher stress areas of South 
Dakota, western North Dakota, and Montana ( non- irri gated ) , 
near T-A trend yield values are highly uncommon and therefore 
the T-A trend is difficult to define. The 1975 Montana yields 
probably represent the nearest approach in 25 years of CRD 
yield to the T-A trend value. 

Change in the T-A trend line will only occur when 
either the current technology maximum is approached or sig- 
nificant changes, either positive or negative, in the Tech- 
nology-Acceptance occurs. A case in point might be when 
fertilizer costs exceed a cost beneficial level, fertilizer 
use might decline. Such a decline could well lower the T-A 
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trend limit which would be reflected abruptly as a step function 
in the T-A trend (we assume that the decrease in fertilizer 
use is the same at both the experimental and the commercial 
level). 

Weather stress will continue to mask the T-A trend 
regardless of the climatic changes that may occur. Long term 
climatic changes will have the influence of decreasing the T-A 
trend limit through the inability of the, technology to achieve 
genetic level yields under no-stress conditions. 

8. 3. 1.1 General Trends in Yields Over Past 50 Years 

Figures 8-6 to 8-9 present historical yield ■ 

summaries for Montana, North and South Dakota, and 

Minnesota. Values are plotted as numbers indicating 

the fraction of planted acreage that was not harvested 

- * 

(i.e., abandonment), rounded to the nearest 10% (0 = no 

abandonment, 1 = 10%, 9 = 90%, X = 100%). 

Abandonment data were not available for Minnesota. The 
data appear very noisy due mainly to weather fluctua- 
tions, so lines are shown representing five-year run- 
ning means, plotted at the mid-year of the interval. 
Several features are common to each curve: 1) markedly 

low yields in the mid-1930's, 2) yield maxima in the 
early to mid-1940's, 3) moderately lowered yields in 
the late 1940's to early 1950' s, and 4) a general 
increase in yields from the mid-1950's through the 

early 1970' s. The first three of these features are 

) 

clearly associated with cyclical weather patterns. 
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Figure- 8-6: Historical yields - Montana. 
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Figure 8-8: Historical yields South Dakota 
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Figure 8-9:' Historical yields - Minnesota. 
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while the latter is mainly due to technological change. 
The rise has been most rapid in Minnesota, which has 
the more favorable climate and a higher fraction of 
quality land. The rise has been slowest in Montana 
where rainfall is marginal and soils are generally 
shallower. This merely demonstrates that application 
of technology boosts yields the most in regions and 
years of adequate or superior weather, and is much less 
effective in unfavorable years. Since about 1970, 
there -is a tendency for yields to haveleveled-off or 
even decreased due in part to unfavorable weather, but 
a significant portion of this may be a reflection of 
such items as increased acreage or the inflated fert- 
ilizer prices discussed earlier. 

8. 3. 1.2 Approach to Trend Line Determination 

If all the weather effects could be removed 
from the historical yield data for a given region, the 
remaining function could likely be well approximated by 
a few connected straight line segments. Generally, a 
constant value would be expected up to the early 
1950*s, followed by a steady increase, which might be 
followed by a line of lesser slope in more recent 
years. Subjective construction of such an approxima- 
tion- is difficult due to the great amount of weather- 
induced variation in the basic data. Analytic tech- 
niques, in which the weather effects are removed through 
regression, offer the greatest promise and will likely 
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result in solutions which are more geographically 
consistent. The major problem is that the data sets 
are relatively small, a slope and starting year are 
required for each Tine segment, and several parameters 
will be needed to adequately model the weather effects. 
This reduces the degrees of freedom to unacceptable 
values. 

The problem is- simplified when it is noted 
that only the most recent line segment need be defined 
for extrapolation to the current year. So the approach 
taken here was to define a- single- line segment from the 
most recent year back through as many years as possible 
without seriously compromising the standard error of 
prediction of the selected line and the weather param- 
eters. 

It is first necessary to define the regions 
over which the data are to be aggregated. The crop 
reporting district (CRD) is the obvious choice; the 
state is too large, containing too many weather regimes 
and too much variation in agricultural conditions; 
while the county is subjected too much to local effects 
such as hail, windstorm damage, local flooding and the 
like, which cannot be readily reflected in a limited 
number of weather parameters. Next comes the selection 
of the weather parameters themselves. This is more 
difficult since it is desirable to minimize the covari- 
ance among the selected parameters, while defining a 
set which can adequately depict the major effects on 
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yield. Because, of the year-to-year variations in 
planting date and speed of crop development, parameters 
having too fine a time resolution must be avoided 
because the growth stage of the plants could differ 
greatly within the individual time frame, introducing 
spurious effects on the regression coefficients. 

.Monthly averages of temperature and rainfall departures 
from normal, are readily available at the CRD level. At 
■this time interval, certain types of adverse weather 
conditions, such as brief, severe heat waves or dry 
periods extending over parts of two months, will not be 
properly accounted for, but it is a reasonable com- 
promise -between- the two extremes. A preliminary 
analysis showed that the four most useful, relatively 
independent parameters were: 

1. June temperature departure 

2. July temperature departure 

3.. May plus. June rainfall departure 

4*. - Ju.ly rainfall departure 

Of course,, there will tend to be a negative correlation 
between temperature and rainfall within a- given month, 
particularly in regions where widespread cloud systems 
tend to produce the rain. Figure 8-10 is a -map of the 
correlation coefficient .for July temperature with 
rainfall' for the period 1954-1974. Only in Montana are 
the values high enough to be of any concern'. These 
four parameters do not allow modeling of the .inter- 
- active effect between temperature and rainfall (i.e.. 


8-22 



8-23 


Figure 8-10: Correlation between July temperature departure and 

July precipitation departure, 1954-1974. 






high temperature, in concert with low rainfall would 
produce a greater effect than the simple sum of the two 
individual effects). Definition, of an adequate coupled 
parameter is not straightforward and, since it would 
■ further reduce the degrees of freedom and introduce 
multi col inear effects, it was not undertaken ; 

A- computer program' was devised which performs 
the following sequence of operations: 

1) , The major loop begins by including the 

data set for 1954-1974. On each succeed- 
ing pass, the data for the first year is 
eliminated. The last pass is for the 
data set 1967-1974. 

2) A trend slope -optimization loop drives 
the stepwise regression starting with- an 
initial trend- ;sl.ope value and trend 
increment. The trend slope value is used 
to compute a base yield and residual for 
each year in the data set. The coeffici- 
ents resulting from the stepwise regres- 
sion are- used' to compute a standard error 

. of estimate (SEE). If the SEE is less 
than that -resulting from the previous 
pass through -the loop, then the trend 
increment is added to the trend slope for 
the next pass. If SEE is greater than 
previous, then the trend increment is 
reduced in magnitude and its sign is 


8-24 



changed before being added to the trend 
slope. After 25 passes, the coefficients 
and trend slope corresponding to the 
minimum SEE (optimum slope) are returned 
to the major loop. 

3) The regression loop performs a basic 
stepwise regression by screening the 
variables in turn and selecting the one 
which gives. the greatest reduction in the 
remaining variance of the dependent 
variable. One exception is taken, how- 
ever. Since the regressions are linear, 
there is no justification for negative 
coefficients of rainfall or positive 
coefficients of temperature. If such a 
coefficient would result from the vari- 
able selection criteria, then that vari- 
. able is passed over. 

From a tabulation of the results for each CRD, 

* 

a subjective choice is made of the best year for the 
trend line to begin. In most cases, this is a clear- 
cut' choice, near the minimum SEE value, where lower 
values of SEE are achieved only through the loss of 
several degrees of freedom (i.e., more recent starting 
year) . 

It is recognized that possibly very recent 
effects on trend will not be detected by this approach, 
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but even though intuitive reasons exist to support a 
recent decrease in trend slope^ no statistical signifi- 
cance can be attached to such a small sample. 

. 8.3-.1.3 - Results of Trend Analysis' 

The trend analysis discussed above was applied 
to the 1954-1,974 data set for 22 of the 29 CRD's in the 
region of interest. The starting dates for the selec- 
ted trend lines varied from 1956 to 1962. The results 
showed good geographic consistency, not only in the 
trend line slopes, but in the regression coefficients 
and standard errors of estimate as. well. Figure 8-11 
shows the geographic variation of the trend line slope. 
These are highest in the east where the climate is most 
favorable and the soils the deepest. Relatively low 
slopes in much of North Dakota are likely a reflection 
of the sandier soils with their poorer holding power. 
The local maximum in southeast Montana is produced by 
the fertile Yellowstone River valley where most of the 
wheat is grown. 

In 20 of the 22 CRD's analyzed, the most 
significant of the four weather variables was the July 
temperature departure. Figure 8-12 shows the distri- 
bution of the coefficient for this variable. Only in 
north central Montana was this variable not among those 
selected. July temperature and rainfall have their, 
highest correlation here (see Figure 8-10), and once 
rainfall had been selected, temperature became ineffec- 
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Figure 8-11: Slope of base yield trend line (Bu/acre per year). 
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Figure 8-12: Sensitivity of yield to July mean temperature departure from 

normal (Bu/acre per degree F). 






tive in providing additional reduction of variance. 
Figure 8-13 presents the coefficients for July rainfall 
departure' for those CRD 's where- that variable was 
selected. These are confined to the northern portions 
of the area with a decrease in sensitivity from west to 
east. Figure 8-14 presents the standard error of 
estimate for each CRD for which a trend line was deter- 
mined. The SEE is less than 2.0 bushels per acre over 
a broad region, rising to as high as 3.5 only in the 
northwest and southeast. 

Since the EarthSat yield model uses a sub- 
tractive approach from' maximum possible yields, the 
nominal trend line for each CRD must be raised to more 
closely represent optimum weather conditions. For a 
given CRD, the standard. deviation of the actual yield 
values about the nominal trend line was determined. 

The base (optimum) yield line was then taken to lie 
above the nominal line by some multiple of the standard 
deviation. This multiple was subjectively chosen based 
on the average annual rainfall for the CRD, as indi- 
cated in Figure 8-15. The multipliers ranged from 0.5 
for the wetter regions to 2.0 for the drier, reflecting 
the exceptional nature of optimum weather in the drier 
regions (truly optimum yields do not appear in the data 
sets for these regions). 

Figures 8-16 through 8-37 present the his- 
torical yields for each of the 22 analyzed CRD's. The 
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Figure 8-14: Standard error of estimate in yield using optimized 

trend line with monthly weather parameters (Bu/acre). 






USE OF AVERAGE ANNUAL RAINFALL TO SELECT BASE YIELD ELEVATION 


AVERAGE ANNUAL PRECIPITATION ( INCHES ) 



MONTANA 



2.0 


NORTH DAKOTA 
.SOUTH DAKOTA 


1.0 (T 



ELEVATION OF BASE YIELD ABOVE MEAN YIELD LINE 


Figure 8-15: Use of average annual rainfall to select base yield elevation. 
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.Figure 8-16: Yield history for north central Montana. 
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Figure 8-17: Yield history for northeast Montana. 
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Figure 8-18: Yield history for central Montana. 
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Figure 8-19: Yield history for southeast Montana. 
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Figure 8-20: Yield history for northwest North Dakota. 
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Figure 8-21: .Yield history for north central North Dakota. 
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Figure 8-22: ' Yield history for northeast North Dakota. 
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Figure 8-23: Yield history for west central North Dakota. 
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Figure 8-24: Yield history for central North Dakota. 
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Figure 8-25: Yield history for east central North Dakota. 
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Figure 8-26: Yield history for southwest North Dakota. 
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Figure 8-27: ' Yield history for south central North Dakota. 
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Figure 8-28: Yield history for southeast North Dakota. 
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•Figure 8-29: Yield history for northwest South Dakota, 
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Figure 8-30: Yield history for north central South Dakota. 
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Figure 8-31: Yield history for northeast South Dakota. 


8-48 





+ ^ ^ ^ — — + ^ — *- ““ + 



0 30 t> u c u ? u 


V t /' r< 


Figure' 8-32: -Yield history for central South Dakota. 
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Figure 8-33: Yield history for east central South Dakota. 
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Figure 8-34; Yield history for southeast South Dakota-. 
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Figure 8-35: Yield history for northwest Minnesota. 
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Figure 8-36: Yield history for west central Minnesota, 
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-Figure 8-37: Yield history for southwest Minnesota. 


8-54 



dashed line is the nominal trend line, while the solid 
represents the. base yield trend line. 

An attempt was made- in a few of the crop 
reporting districts to further reduce the standard 
error of estimate by including planted acreage as a 
■ fifth candidate variabVe for regression. In all cases, 
however, this variable proved not to be .significant 
despite the intuitive notion that acreage increases 
involve introduction of marginal land which ought to 
lower the yield. 

8. 3. 1.4 1975 Base' Yields 

Figure 8-38 represents the chief end item of 
this task - a definition of the 1975 base yield for 
each CRD. These values are used in Sections 8.3.4 and, 
8.'3.5 to assign a best-estimate yield to each cell. 

* The geographic distribution of the base yields seems 
quite reasonable, in that these should not reflect 
climate influences, but rather soil quality and level 
of technology, 

8.3.2 Stress Coefficient Re-evaluation 

As reported above (Section 8.2) the 1975 operational 
yield model was developed based on data from three. North Dakota 
counties (66 location-years), and was used over the entire 
spring wheat study area. The appropriateness of this exten- 
sion has been examined by conducting additional regressions in 
South Dakota and Montana. The approach used was the same as 
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that which had been applied to the North Dakota data. Three 
counties were us’ed in South Dakota (52 location-years) and two 
in Montana (42 location-years). The resulting yield expressions 
were; 

South Dakota 

' Y = -14.783 + 0.60296 • YR -31.731 (S)^ [8-5] 

Montana 

Y = 8.0852 + 0.34365 • YR -31.333(^^ [8-6] 

The coefficients for the stress term are virtually identical 

to the one in the North Dakota equation ,[8-1]. This is to be expected, 

since it is primarily a function of the physiological properties 

of the plant. The terms attributable to trend are quite 

different, especially in Montana where the slope is much less. 

This is consistent with the results of the detailed trend 
analysis of Section 8.3,1. The following table' compares the 
yields for the four states as determined by the 1975 oper- 
ational model with the latest available estimates from the 
SRS: 



1975 

, 

percent 


oper. model 

SRS 

error 

Minn. 

28.9 

31.0 

-7 

Mont. 

22.8 

25.8 

-12 

N.D. 

26.5 

25.9 

+2 

S.D. 

25.7 

18.0 

+43 


The results for North Dakota are very close, as would be 
expected. For the other states, much of the difference can be 
explained by differing trend line values. 
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8.3,3 Temperature Effect on Yield 

As the 1975 growing season progressed, it became apparent 
that yields- in South Dakota were going to be considerably 
below those being projected’ by the model despite the fact that 
soil moisture was generally adequate. The cause of this yield 
reduction was a period of hot weather at a critical time in 
the crop development cycle - namely during: the time from 
heading to soft dough.. For example, at -Aberdeen, S.D., the 
interval from heading to soft dough spanned 18 days, from 
June 29 through July 17. During this period,, the daily maximum 
temperature- reached or exceeded 35C (95F) on 12 days with an 
extreme of 40C (104F) while the daily minimum exceeded 21C 
(70F) on 9 days. Since it is known that high temperatures 
adversely affect the wheat plants at any moisture stress 
level, a factor needed to be included to account for such high 
temperature events. A measure of the average temperature 
during some plant phenological interval is the^number of days 
spent in that interval. This is true because the biometeoro- 
logical time (BMT) parameter used- by the model is driven at a 
rate proportional to the daily mean temperature and day length. 
Therefore, short intervals are produced by high temperatures. 
Since the plant is most vulnerable to high temperature during 
the heading (BMT = 3) to soft dough (BMT = 4.) stage, regression 
analyses were performed introducing ^ 20 -ND 2 ^^^ as a parameter, 
where the O notation means that negative values are set to 
zero, and ND^^ is the number of days from BMT = 3 to BMT = 4. 
The quantity is squared because the temperature effects are 
felt to be non-linear. 
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A regression analysis was- performed on a historical 

South Dakota data set containing 44 station-years. .Seventeen 

of the data points had ND less than 20. The coefficient for 
.34 • 

the temperature parameter was -0.63. Application of this 
parameter with’ its coefficient, was made on an independent data 
set for Montana. .The result was that the standard error of 
estimate (SEE) for the entire 42 da,ta points .was reduced from 
3,27 to 3.03 Bu/acre. For the 12 data points having <20, 
the SEE was reduced from 4.01 to 3.03 Bu/acre. (In other 
words, a subset of the data which had shown greater variance 
that the "population", had its variance reduced to the population's, 
value by inclusion of a temperature-sensitive variable.) 

8.3.4 Post-Operational Yield' Correlations 

The 1975 operational model was,, as previously stated, a 
North Dakota model with trend developed for. that state. The 
cbyiou’s fact that errors were observed in Montana, Minnesota, 
and South Dakota was, in a way,, heartening, since we would not 
expect the North Dakota- trend to be applicable in the other 
states except by chance. We did, however, anticipate that the 
stress coefficient would show little, change since it is pri- 
marily related to plant , physiological response to water stress. 

The post-operationa.l .yield evaluatipns incorporated the 
results from the trend analyses in 22 crop reporting districts 
(Section 8.3.1), the stress coefficient evaluations (Section 
8,3.2) and the temperature effect analysis (Section 8.3.3). 

Figure 8-39 presents an isopleth map of estimated, yield at the 
county level generated based on the above considerations. 
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Figure 8-40 presents the corresponding latest reported county 
yields from the SRS. ‘(Data from South Dakota were not yet 
-available.) A rather large discrepancy in noted in the Red 
River valley region of -southeastern North Dakota. This is a 
manifestation of serious flooding which occurred there, significantly 
lowering yields. The predicted yields in Montana are generally 
Tow. This is likely a result of using a too-resfcrictive soil 
(;j)f*y_'(lown curve (designated 'D-project) in this moisture critical 
region (see detail discussion in Section 7). Elsewhere there 
are no major discrepancies. 

Figures 8-41 and 8-42 present similar -information where 
the isopleths are based only on yield at the CRD' level . This 
serves to remove the "noise" of the county data, while preserving 
the broad-scale variations. In both figures there is a general 
decrease from east-to-west into eastern Montana, reflecting 
the distribution of rainfall and soil quality. Increasing 
yields farther to the west in -Montana are reflections of the 
very favorable- 1975 weather in that state. 

It was anticipated that aggregation to larger areas 
would improve the correspondence between- estimated and actual- 
yields. To this end, correlation -coefficients were calculated 
at the. state, CRD, and county level and also at intermediate- 
sized regions consisting of from -two to five counties. The 
results of these analyses appear in Table 8-2; In the case of 
sub-areas, only those accounting for three percent or more of 
the state acreage were included. This significantly increased 
the- correlation in Montana where small acreages are often 
associated with marginal or irrigated land. The-, improvements 
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Table 8-2 


Correlation- Coefficients-Actual vs Predicted Yields 



Drydown Curve 
D-Project. 

Drydown Curve 
E-Normal 

MONTANA 

CRD's 

sub-areas- 

counties 

0.567 
. 0.865 

0.433' 

0.897 

NORTH DAKOTA 
CRD's 
sub-areas, 
counties 

0.742 
0.723 
0. 549 

-.0.790 

MINNESOTA ' 
CRD's* 
sub-areas* 
counties* 

0.720 

0.804 , 
0.450 

0.742 

4-STATES 

all CRD's*+ 
all sub-areas*+ 
all counties*+ 

0.920 

0.755 

0.607 

0.427 • 

0.956 


* Only in most productive CRD's 
+ Excluding South Dakota 
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Figure 


8-41: Estimated 1975 yield (Bu/acre) - CRD's. 
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in North Dakota and Minnesota were negligible. Calculations 
using the improved E-normal dry-down curve (Section 7) showed 
improved correlation at the CRD level, particularly in Montana. 

Figure 8-43 displays the results for the complete set 
of each area class analyzed. The trend to increasing correlation 
with increasing areas is unmistakable. Correlations above 0.5 
occur for areas slightly larger in size than the county. 


8.3.5 1975 Simplified Final Yield Estimates 

In keeping with the desire for simplifying the system, 
it has been determined that suitable accuracy in yield estimation 
at the CRD or state level can be achieved by considering a 
limited sample of carefully selected cells. A sample of 61 
cells was defined by selecting one representative cell in each 
CRD corresponding to each soil class existing in that CRD. 

Yield at the CRD level is then determined by aggregating each 
of the cells weighted by the proportion of its soil class 
within the CRD. Aggregations to higher levels are based on 
reported 1974 planted acreages. 

The most refined estimates of 1975 yields using the 
EarthSat model incorporated the following features: 

1. Sampled cell aggregations. 

2. Best estimate 1975 yield trends at CRD level (Sec- 
tion 8.3.1). 

3. High temperature modifier (Section 8.3.3). 

4. E-normal dry-down curve (Section 7). 

in regards, to point 4, it was found that the function defining 
the ability of the soil to give up its moisture (dry-down 
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!-43: Effect of aggregation size on correlation of estimated 

vs. actual yields. 
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curve) was much too restrictive in the operational model used 
during 1975. As discussed in detail in Section 7, comparisons 
of model output with field soil moisture measurements showed 
that the less restrictive "E-normal" curve gave more realistic. 

results. 

Table 8-3 presents the final 1975 yield estimates for 
each state and its more productive crop reporting districts. 

Also shown for comparison purposes are the estimates from the 
operational model and the latest estimates from the SRS. 

North and South Dakota- were within about one bushel per acre, 
Montana about two and Minnesota between two and three. North 
Dakota, would have been even closer, but severe flooding affected 
parts of the east central and southeast CRD s, destroying up 
to 25 percent of the crop in some counties. Since the acreage 
lost was the most fertile, the resulting yields were lower 
than would have otherwise occurred. This effect of course is 
not accounted for in the model. The four-state aggregate 
yield differs from the SRS value-by only 0.6 Bu/a. - 

8.3.6 Historical Yield Estimates 

Figure 8-44 presents historical yield data for four 
locations in Montana and South Dakota. There is a general 
upward trend to the yields j somewhat less in Montana, but the 
year-to-year variations are substantial. The estimated yields 
using the North Dakota model are shown. Where temperature . 
effects were important (i.e. , ND^^ less than 20), the estimate 
including, the temperature adjustment is also shown.. In 18 put 
of the 26 cases this Improved the yieTd estimate. The estimates 
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Table 8-3 

1975 Yield Estimates 



Operational 

Final 

Latest 


.Model 

Model 

SRS 

North Dakota 

26.5- 

27.1 

25.9 

northwest . 

24.5 

25.6. 

24.9 

north central 

27;0 

26.2 

24.4 

northeast 

27.3 

29.7 

■ 31,0- 

central . 

26:7 

26.7 

25.5 

east central 

28.0 

30.7 

28.8' 

•southeast 

28.2 

28.3 

22.8 

South Dakota 

25.7 

17.0 

18.0 

northwest 

24.1 

18.7 

17.4 

north central 

26.5 

15.9 

19.0 

northeast 

25.9 

17.3 ' 

19.4 

Montana 

22.8 

23,7 

25.8 

north central 

23.4 

25.0 

27.5 

northeast • 

22.2 

23.3 

25.0 

Minnesota 

28.9 

33.7 

31.0 ' 

northwest 

28.9 

36.2 

33.7 

west central 

28.9 

29.5 

27.0 

4- State aggregate 

26.2. 

26.0 

25.4 
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track the observed values rather well, but there is a tendency 
for the estimates to fluctuate less widely. The aggregated 
standard error of estimate is about three bushels per acre. 

8.3.7 Daily Stress Weighting 

It is a well established fact that the effects of 
significant moisture stress on plant vitality vary with the 
stages of growth, a phenomenon not accounted for in the 1975 
EarthSat system. The major influence of water stress is 
manifest in the plant shoots. Stem elongation and growth is 
reduced for a stressed plant. The most important stage of 
growth relative to water stress is at pollination and flowering 
water stress at this growth stage can produce significantly 
reduced yields in spring wheat. 

Spring wheat is tolerant to light and moderate stress 
conditions and only small amounts of yield reduction will be 
seen for such stress except around the flowering tp soft dough 
period where moderate stress will cause si.gnificant yield 
reductions. High stress will cause yield reduction at all 
growth stages but will be most important in the flowering to 
soft dough interval. 

Transformation of the diagnosis of water stress from 
the EarthSat system requires the establishment of a reasonable 
relationship between stress and yield reduction and speci- 
fication of a maximum yield potential (trend). 

The transformation of daily moisture stress to yield 
percent reduction has been examined in North Dakota by Bauer. 
This relationship is shown in Figure 8-45. Note that the 
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daily detraction during moisture stress 

1 % OF RESIDUAL YIELD) 



CROP CALENDAR • SPRING WHEAT 
(EMERGENCE TO RIPE) 


Figure 8-45: Daily moisture stress yield detraction 


maximum daily percentage reduction in excess of 3.5% per day 
of moisture stress occurs at the blooming (flowering) stage. 

The definition of moisture stress provided by the EarthSat 
system appears to be a reasonably promising approach. Figure 
8-46 presents a graph showing the daily stress > the yield 
percentage reduction as a function of growth stage and the 
summations of the daily yield reduction for a 12.5 x 12.5 n.m. 
ceil included in the Glacier County* Montana test site. The 
final -yield value is estimated at 53.4% of the maximum value. 
Assuming a 38 bushel /acre maximum value which is reasonable 
for this small area of north central Montana a yield of 20,29 
Bu/a is estimated. Observations taken by the Montana State 
team for the fields containing the neutron probes in Glacier 
County indicate an average of 21 Bu/a. 

Regression using a historical data set for Huron, South 
Dakota, showed that the original approach using the square of 
average daily stress gives a standard error of estimate (SEE) 
of 3.15 Bu/a. Use of this daily weighted stress model reduces 
SEE to 2.43. This is representative of the reductions in SEE 
obtained at other locations in the growing region. 

8.3.8 Monte Carlo Simulation 

One of the fundamental components of an operational 
weather-based yield estimating system is the so-called "future 
weather generator." This component must provide an estimate 
of the weather which the crop will experience between the 
current date and the end of the growing season. This can use 
a very- simple algorithm as was the case in EarthSat 's 1975 
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test. In this case the average daily stress which existed up 
to the date of projection was assumed to be the same as that 
which would exist for the entire season. The inadequacies of 
such an approach are obvious. 

A much more sophisticated approach was developed and 
successfully tested for aggregation to the state level over 
a sample of 100 cells. This approach sought to generate a 
sequence of weather at the individual cell level which was 
based on random inputs, but which would still maintain realistic 
frequency distributions for rainfall . No- attempt was to be 
made to maintain spatial consistency of weather regimes; 
rather, a sufficiently large number of growth- to-ripe calcu- 
lations would be made at each selected sample cell, so that a 
mean and standard deviation of final yield could be determined 
to .a desired confidence level. The final results should 
display a reasonable geographic continuity. 

The key components of this system include: 
a.) Rainfall distributiorT(fi^equency and amount) 

b) Daily temperatures 

c) Daily potential evapotranspi rati on 

These items are discussed in the following subsections. 

8.3. 8.1 Rainfall Distribution 

The key element in the rainfall model was the 
generation of Markov chain probabilities of rainfall 
occurrence. These express the probabilities that day N 
will be wet (W) or dry (D) given that day N-1 was wet 
or dry. Data sets of about 20 years were examined for 
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each of 13 stations in the growing region.- Markov 
probabilities were generated for ten-day intervals in 
the growing' season. Figure 8-47a presents the results 
for Aberdeen, South Dakota. For June 1 (day 152) for 
example, there is a 23^ likelihood of rain if it rained 
on May 31. If May 31 was dry, however, the chance is. 
only T2%, In the operational mode, a uniformly distributed 
random number between 0.0 and 1..0 is supplied. Assuming 
May 31 to be a rain day, if the random number, is less 
than 0.23, June 1 will be a rain day; if greater than 
this it will be dry. 

Once a day has been designated a rain day, the 
amount must be determined. The historical weather 
records were examined to calculate the parameters 
defining an incomplete gamma function which approximates 
the frequency distribution of rainfall amounts. These 
were defined for 30-day intervals in the growing season. 
Figure 8-47b summarizes the results for Aberdeen, S.D. 

In the operational mode, an additional uniformly distri- 
buted random number is used with the appropriate parameters 
to determine the rainfall amount for the day. 

8. 3. 8. 2 Daily Temperatures 

Daily maximum and minimum temperatures are 
needed, in the model to determine the rate of growth of 
the plant. Historical data was again used to generate 
average values and standard deviations at ten-day 
intervals. Recognizing the influence of cloudiness on 
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(A) 10-day Markov precipitation probabilities and mean temperatures. 
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Figure 8-47: Data summary for Aberdeen, S.D. 



8-79 


(B) 30-day precipitation amount analysis. 
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Figure 8-47: Continued 



temperatures, separate averages were compiled for wet 
and dry days. The results for Aberdeen appear on 
Figure 8-47a. As would be expected, the maxima are 
higher and the minima generally slightly lower on dry 
days. For June 1, -the- Aberdeen average maximum and 
minimum are 22. 9’ and 13.1 wet, and 24.6 and 9.9 dry. A 
gaussian - distributed random number is used as a 
multiplier on the standard deviation and this product 
is added to the normal temperature value to provide 
day-to-day variability. 

8. 3. 8. 3 Daily Potential Evapotranspi ration 

In a manner analogous to the maximum and 
minimum temperatures, daily averages and standard 
deviations of potential evapotranspi rati on (FTP) were 
determined for wet and dry days at ten-day intervals. 

Due to the greater data requirements in evaluating ETP, 
this was done for only four stations across the region. 
For Huron, South Dakota, the June 1 average ETP is 
4.89 mm wet and' 7. 05 mm dry. Just as for the temper- 
ature, a- gaussion random number is used with the standard 
deviation to provide variation in the daily values. 

8. 3. 8. 4. Results of Sample Calculations 

As a demonstration of the application of this 
- method a limited exercise was conducted on a sample of 
100 cells distributed throughout the growing, region. 

For each cell, five- projections were made from each 
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projection date. Aggregations were made only at the 
state level, giving an effective average of 125 values 
for each projcetion. This approach has been designated 
SPRED (stochastic predictor) and the results are 
presented in Figure 8-48 where they are compared with 
the QPRED (quick predictor) results from Section 8.2.1 
(Figure 8-2). 

The most apparent feature of SPRED is the 
rapidity with which the projections converged to the 
final estimate. All states except South Dakota had 
converged to within 1.0 bu/acre of the final estimate 
prior to the end of- June. In South Dakota, anomalously 
hot weather in early July decreased yields, after which 
the projection was virtually constant. 


8-81 




“i i 1 1 1 ^ — i 1 

12 July 19 26 ‘ ^ ^ 

3JECTION 


developed with the Monte Carlo simulation 




9.0 SENSITIVITY ANALYSIS 

The performance of the Plant Growth model is dependent upon two 
factors: the accuracy of the model and the accuracy of the data used to 

drive the model. Since the model is a simplification of reality and 
since the data is subject to error in observation or calculation, it is 
necessary to determine how sensitive the results of the model are to 
either data errors or errors caused by the mathematical construction of 
the model. These errors can be grouped into two categories: observational 

errors and definitional errors. Observations errors refer to those 
errors, random and systematic, derived from the measurement of physical 
data. Examples are errors in the measurement of precipitation, temperature, 
or an error in the starting soil moisjture level. The second category of 
error encompasses errors in soil type assignment or in components of the 
growth model. The component section examines tH'e BMT, ET, and stress 
formulas and evaluates the effects of the two error types on both the 
daily and seasonal levels. The system sensitivity section is concerned 
with the ultimate product of the system, yield, and examines the model 
as a whole. 

9.1 Sensitivity Methodology 

The techniques used in these evaluations are the classical 
techniques of sensitivity coefficients and Monte Carlo simulation. 
Where a relation between dependent and independent variables can be 
expressed in a differentiable equation, it is possible to derive 
the stability or sensitivity of the dependent variable to errors or 
perturbations in selected independent variables. For example, 
partials: 
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3z and ^ 
3x 3y 


represent the sensitivity of z to x and y respectively. If x and y 
are uncorrelated, then, g-iven errors in x and y of ax and Ay, the 
resultant error in z, az, can be approximated by: 


3z , , 3z A,, 

^ + -^ Ay 


[9-1] 


where the functions are evaluated at nominal values to xo and Yo. 

Usually the exact error is not known, rather some parameter of 
the distribution of errors. Thus, equation 1 shows the error in Z 
resulting from errors Ax and Ay. If, however. Ax and Ay vary, 
systematically and/or randomly, it is necessary to estimate the 
variance which results from variances in x and y. The basic 
equation, which is derived in Bevington (1969) Chapter 4, is: 

p ?3Z^ 32^ 2 3Z 3g 

X 

Using the assumption that x and y are independent and uncorrelated, 
the fluid term in equation 2 reduces to zero. 

Critically important in the evaluation and use of sensitivity 
coefficients is the selection of representative data to be used as 
nominal values. This is especially true if the functional relation 
is nonlinear. That is, the partial derivative is still a function 
of the independent variable. A prime example of this is the BMT 
equation, (eq. 28). 
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9ABHT = 3*f + 
3T 1 1 


[9-3] 


Consequently.; the value of the sensitivity coefficient will depend 
upon the value of used. The nominal values used in this section 
were selected as being reasonably representative of the data observed 
during the 1975 season. 


VARIABLE 

NOMINAL VALUE 

Temperature (max.) 

30C 

Temperature (min.) 

18C 

Day length (hrs.) 

14 

Soil Moisture 

87 . 5mm 

Soil Moisture Capacity 

175mm 

Average Stress 

0.5 

^Dry-Down Curve Coefficient 1.0 

k-coefficient 

0.5 

ETP 

8.6mn 

ETP 

S.OOmn 


Monte Carlo simulation assumes that some component of , the 
system varies randomly. Repeated trials using different randomly 
generated numbers for each of the random components will provide 
measurements of performance under a variety of conditions. If the 
relation, is unstable or’highly sensitive to the input errors, the 
measurements will vary significantly. 

To provide a base from which Monte Carlo simulations could be 
run, historical meteorological data for Fargo and Will.iston in 
North Dakota were analyzed. The six month season, from April 
through September, was partitioned into 18 10-day intervals. 
Precipitation, ETP, and temperature were extracted on a daily basis 
and the distribution parameters of .each were calculated according 
to whether measurable, precipitation was recorded or not. Thus 
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means and standard deviations for temperature and ETP on wet and 
dry days were calculated. A two state Markov chain was derived for 
each interval. The Markov chain, or probability state matrix, 
contains the probability of transition from, for example, a dry day 
to a rain day given that the preceding day was dry. Similarly, if 
the preceding day was wet, then there exist probabilities, derived 
from observing the sequence of rain and dry days in historical 
data, that the succeeding day will be either wet or dry. In practice, 
if day.l was dry, then the rain state for day 2 can be determined 
by generating a uniformly distributed random number and comparing 
it against the probability of a dry day following a dry day. If 
the random number is less than or equal to that dry-dry probability, 
then day 2 has no precipitation. Otherwise, day 2 will be wet and 
a precipitation estimate must be generated. Rain amount is drawn 
from the observation of historical rainfall amounts. A continuous 
approximation is made of the observed frequency histogram. Without, 
going into the mathematics, a random number is generated and used 
to estimate a rainfall amount. Next, with the rain state determined, 
the temperature and ETP estimates can be calculated. [The techniques 
described were reported in a paper from Mississippi State University 
communicated’ to us by Dr. Charles Baker.] 

9.2..1 BMT Sensitivity 

. The equation for BMT is a tri quadratic equation relating 
photo period and- temperature extrema to the daily change in 
growth stage. The coefficients of the equation are unique for - 
each growth stage and change immediately upon entering a new 
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growth stage. Consequently, it is necessary to derive different 
sensitivity coefficients for each interval. Additionally, 
since. the equation is quadratic for each of the independent 
variables, the value of the sensitivity coefficients will vary 
depending upon what nominal values are selected.. A graphic 
■explanation is that the sensitivity coefficient is the -slope 
of the function at the point evaluated. For example. Figure 
9.1 shows BMT isolines for varying values of daylength and 
maximum temperature (.for these graphs, TWIN = TMAXrl2). An 
error of 5°C (from nominal values of 30°C and 14hrs daylength) 
would effectively translate the line tangent to the BMT = 0.05 
Isoline to the right so that it intersected at SS^C Instead of 
30“C. • The fraction of the distance traveled between adjacent 
isolines times the^ change in BMT rates would give an estimate 
of the effect the temperature error would have. In this case, 
the increase in the daily BMT rate is 0.0141, corresponding to 
a 2Z% speed up. 

The sensitivity coefficients for the BMT intervals are 
listed in Table 1. Since daylength is a function of latitude 
and Julian date, the error in this expression is negligible. 
Temperature, however, is subject to estimation error. This 
error has been estimated to have a O mean and a standard 
deviation of 2.3“C. The net effect of this error distribution 
in both the maximum and minimum temperature measurements can 
•be estimated using equation 2. Evaluating for each interval: 
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TABLE 9-1 


SENSITIVITY COEFFICIENTS 



P-E 

R-P 

E-J 

J-H 

H-S 

S--R 

8BMT 

8DAYLENGTH 

0.0 

7.83E-03 

2.14E-02 

1.15E-02 

1.25E-02' 

3BMT 

3TMAX{C) 

-1.39E-02 

7.79E-02 

1.21E-03 

1 . 54E-03 

1.43E-03 

3BMT 

3TMIN(C) 

1.17E-03 

1.77E-04 

1.61E-03 

1.96E-04 

7.33E-03 

SET 

3ETP = 

0.3896 


SET = 4.258 
3DC 


3ET 

3SM 

■ 0.00174 


SET = 8.516 
Sk 


3ET 

^ETP 

0.1026 





3STR = 
3ET 

-0.125 


SSTR= 0. 
ETP 

0625 


3YIELD = 
9STR 

. 31.2954 
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INTERVAL 

'^ABMT 

P-E/R-P 

0.032 

E-J 

0.064 

0-H 

0.0046 

H-S- 

0.0036 

S-R 

0.017 


% INCFiEASE OVER AVERAGE 
BMT RATE IN INTERVAL 

32.0 
128.0 

9.2 

7.2 

17.0 


The high value of the E-J precentage error and the "break" in 
the graph of Figure 9.1 is a function of the coefficients used 
in that growth interval. Examination shows that the growth 
rate is not affected by the maximum temperature until 34.16°C. 

Above that level, the growth rate increases drastically as can 
be seen in Figure 9-1. At the nominal values, the growth, rate- 
is 0.04395. Raising the maximum temperature to 40“C raises 
the’ growth rate to 0.2817 BMT units per day. Robertson (1968) reports 
that this phenomena is due to few data points above the critical 
value. Nonetheless, the temperature is not unheard of and in 
a delayed season may cause accelerated growth. 

Since the temperature errors are random, it is reasonable 
to expect that the observed errors will tend to cancel each 
other out over time. To test this, 600 growth cycles were 
simulated. In the base model-, 300 cycles were run using the 
temperature data for .Will iston. North Dokata. To do this, a 
2nd order polynomial was fit through the mean temperature 
values for each of the 18 10-day intervals. Thus, for any 
data within the season, an average temperature could be derived. 

Using the standard deviation of temperatures observed for that 
interval, a random deviation from that day's mean temperature 
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was generated. This was done for both the daily maximum and 
minimum temperatures. The season was processed and information 
kept .as to the total' length of the season and the length of 
each BMT interval. After this was completed, the process was 
repeated. This time however, after the daily temperatures 
were estimated, zero-mean noise with a 2,.3°C standard deviation 
was added to each temperature measurement s,imulating the 
incorporation of observation errors of the METRUN system. 

The results of the simulation are shown, below. It 
appears that the assumption of error cancellation is valid. 



ND' 

ND(PE) 

ND(EJ) 

ND(JH) 

ND(HS.) 

ND(SR) 

WILLISTON 

MEAN 

86.48 ■ 

8.2 

20.3 

23.1 

23.5 

11.4 

NO ERROR 
a 

7.22 

0.86 

1.89 

2.01 

2.06 

1.15 

MEAN 

36.06 

8.5 

19.8’ 

22.2 

23.8 

11.8 

ERROR o 

7.39 

0.86 

2.0T 

2.29 . 

. 2.12 

1.20 


9.2.2 ET Sensitivity 

The second component under examination is ET. As discussed in 
Section 7.5, the primary source of error in the ET relation is 
definitional. That is, if the wrong dry-down curve is specified, 
very .large errors can result. To determine the magnitude of 
the potential error, the sensitivity coefficients were derived 
and are shown in Table 9-1. Examining the magnitude of the 
coefficients, it is immediately apparent that ET is extremely 
sensitive to errors in the dry-down curve and k-coefficient. 

This serves to confirm the observations made in Section 7. 
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While the errors in k and DC terms are definitional, 
the remain! n9 three coefficients are observational and related 
to the construction of the ET relation. ETP, soil moisture, 
soil capacity, and ETP are used to estimate the atmospheric 
demand coefficient (ADC) discussed in Section 7.1.2. Being an 
exponential function, this term is nonlinear and thus the 
sensitivity coefficients are valid only about the nominal 
values. To obtain a better understanding of this term. Figure 
9.2 was constructed. This figure shows constant value isolines 
for ADC as a function of AETP (=ETP-ETP) and the fraction of 
soil moisture capacity (=4^^’ mathematical result of 

ADC is to reduce or amplify ET.* There are two regions in the 
figure which are sensitive to error. Near 11 % of capacity 
(SMR 0.72), an error in the soil moisture level will cause a 
larger error in ADC than at any other SMR level. However, 

since large aETP's are infrequent, the impact of this error 

/ 

should amount to no more than 3-4^ on average. More serious, 
however, is the sensitivity of ADC to errors in AETP at low 
SMR levels. For example: 


9ADC = ^0.024 

3ETP SMR=.5 


3ADC = -0.065 

3ETP • SMR=.l 


indicating increased sensitivity at low SMR levels. However, 
since the sign of the coefficient is the opposite of that of 
the ETP error, the ADC will tend to dampen the errors in the 


* Analysis of the work by Denmead and Shaw (1962) indicates 
.ADC 1.0. 
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A ETP 


ATMOSPHERIC DEMAND COEFFICIENT ANALYSIS 



j' ADC SET EQUAL TO 1 .0 


Figure 9-2: 


9-n 


observation of ETP. To verify this observation the sensitivity 
coefficient of ET with respect to ETP was recalculated using 
SMR = 0.10. For this case: 


■ 3ET 
3ETP 


0.1966 


The’ cumulative effects of errors in the components of 
ET is observed by errors in the soil moisture levels. As 
observed in the evaluation of random errors on BMT, purely 
random errors should cancel overtime. In the ET relation* 
this will apply to ETP and the ADC. The systematic over- 
estimation of ETP will overestimate ET on a daily basis. ETP 
is based on historical station data, then the systematic 
positive aETP error will result in ADC's <1.0 reducing the 
impact of the ETP error (by 21% at ETP = 8.65 level). 


9.2.3 Stress Sensitivity 

The last component calculated on a daily basis, and the 
most important since it directly influences yield, is daily 
moisture stress. Given the relationship of stress: 

STRESS = 1..0 -ItF 

it is readily apparent that those factors affecting ET will 
directly impact on stress. 
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3STR ^ aSTR , 9£j - 49 

3DC 9ET ■7DU’ 

Thus, if the DC coefficient error is -0,5, the effect will be 
to raise the daily stress value by 0.246. 

It is difficult to go much beyond stating the sensitivity 
of stress to some of its independent variables since stress, 
like ET, is not directly measureable. It is possible, like 
the ET error analysis, to eliminate as many variables and 
observe the remainder. To do this, a 60 day weather scenario 
was postulated. Each day was identical to the previous. 

TMAX = 30°C 

TMIN = 18°C 

ETP = 8mm 

PRECIPITATION = 0.0mm 

Starting with a full soil moisture profile, the constant ETP 
meant that ADC = 1.0. Figure 9.3 shows the results of these 
comparisons for the 3 dry-down curves and 2 sets of k-coefficients. 

Two conclusions result from the analysis of the curves. 
First, at high soil moisture levels, all 3 curves respond 
similarly. The main difference results from the drying of the 
upper layers and, when possible, extraction from lower layers 
(not possible with old k and BMT<2.0 since k 3 = 0 - all 
curves reach a "floor"). It is apparent, too, that the new k 
coefficients dry the soil profile more quickly and,, consequently, 
reach their effective floors after about 40 days. Secondly, 
the impact of changing k-coefficients can be seen in the 
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graphs of daily stress as the growth stage changes. In essence, 
this must be considered noise on top of which the actual 
influence of moisture stress is added. Given the sensitivity 
coefficients of stress and the time series analysis in Figure 
9.3, it appears that only moving averages of daily stress will 
have meaning. 

9.3 System Sensitivity 

The ultimate product of the Agmet system is the estimation of 
yield. As a result, it is necessary to relate the errors and 
sensitivities discussed in previous sections to yield. The yield 
model used in this project estimates yield from the pi anting- to- 
ripe average moisture stress. The bas.ic yield - stress relation is 
shown in Figure 9.4. This analysis is divided into two parts. 

First, since ET is not directly observable, an alternate expression 
for seasonal ET is derived relating soil moisture level, precipitation, 
and infiltration to total season ET. As will be shown this expression 
can be directly related to average stress permitting examination of 
the influence of some observable parameters. The second section 
evaluates the influence of asymetric meteorological trends on 
average stress. 

9.3.1 Evaluation of Stress and Yield 

The definition of average stress used in this project 
is: 


9-15 



% OF LOSS MAXIMUM LOSS 
MAXIMUM LOSS = (32 BU/A) 


YIELD LOSS DUE TO PLANT STRESS 



Figure 9-4: 
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It can be demonstrated that for -large N 


N . _N 
n ETP =? ETP 
i • i 


Thus equation 5 reduces to: 


STR = 1 


N N-1 
I 2 ETP 
N i 





N 

ETP 2 ET 
i i 


ETP 


' T 
' N FTP 



It is possible at this point to replace SET by 


N • N N 

2 ET = SM. - SM +2 PRECIP + 2 RUNOFF 
i i FINAL • START i i i i 


Substituting 8 into 7 we get 


1 


cjn = 1 _ ^:zzz-(SM • - SM +2 PRECIP + 2 RUNOFF) 

METP final start 


[9-4] 

[9-5] 


[9-6] 


[9-7] 


[9-8] 


[9-9] 
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Taking the partial of yield with respect to average stress, 

aYIELD -62.5908 . ^ [9-10] 

3STr 

Combining equations 9-9 and 9-10, it is possible to estimate the 
impact of certain observation errors directly to yield. For 
example, the error analysis of the METRUN precipitation 
estimates showed a persistent overestimation of light precipitation 
and an underestimation of heavy rainfalls. The verification 
table generated in Section 6 (Fig. 6-7 ) was analyzed to 

estimate the average total observed season precipitation and 
the average total predicted precipitation amounts per day, and 
then multiplying by the number of days processed. For this 
project, these values were 

AVERAGE OBSERVED TOTAL 212.72 

AVERAGE PREDICTED TOTAL 257.50 

Assuming that the start and final soil moisture levels remain 
the same, and using the nominal values in Section 9.1, the 
effect of an increase of a 44.78mm precipitation increase is a 
decrease in average stress of 0.06T5. Evaluated at a nominal 
average stress of 0.5, the net effect on yield is an increase 
of i.92 bu/a. An important observation is that as long as 
total precipitation is constant, it does not matter when or in 
what amounts rainfall is recorded. Similarly if start soil 
moisture is over estimated by 25mm, the net impact is an 
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increase in total ET, decrease in stress of -.034. and an 
increase in yield of slightly more than 1 bu/a. 

9»3.2 Average Stress Model Sensitivity 

A common question raised about the current EarthSat 
System yield model centers on the acknowledged fact that the 
averaged planting to ripe stress value can be derived from 
several scenarios. This concern is legitimate and must be 
answered. The answer, however, may rest more in the physiology 
of wheat than in a sensitivity analysis. The following para- 
graphs will address the pertinent physiological factors and 
discuss a brief scenario simulation sensitivity evaluation. 


9.3.2. 1 Moisture Stress in Relation to Yield and 
Plant Physiology 

Yield Y in wheat is expressed quite clearly by 

the following simple expression: 

Y = H • K • W 
n n k 

where: 

H = No. of heads per plant 
n 

K = No. of kernels per head 
n 

W = Weight per kernel 
k 

Each term in this expression is defined rather uniquely 
at specific growth stages. The distribution of these- 
specific stages is roughly symmetrical to the flowering 
of the plant. For example, for a 100 day variety: 
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The number of heads is determined at the 
Tillering stage approximately 20 days 
after planting. 

® The number of kernels per head is defined 
at flowering approximately 50 days or so 
after planting. 

° The weight per kernel is defined in the 
filling stages usually by the Soft Dough 
stage approximately 80 days after planting. 
The effect of moisture stress on yield is shown by 
Figure 8-45 to approximately symmetrical 

around flowering. That is, if stress is held constant 
throughout the crop growth period, yield will vary 
according to the function described by Figure 8-45. 
Therefore, averaged planting to ripe stress will have 
the same influence on yield if it is arrived at- from a 
constant stress, one which is high early in the season 
and low toward the end or low early and high later on, 
as long as it is distributed roughly symmetrically to 
flowering. 

In the EarthSat System, use of averaged planting 
to ripe stress the average is significantly weighted to 
the flowering period through, (a) the K coefficients 
and (b) the length of the critical phenological intervals, 
i.e. approximately 50 days from Jointing to Soft Dough 
when moisture stress is most significant. 
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In an excercise to test analytically some of 
the assertions mode in the previous paragraphs the 
Monte Carlo simulation routine was used to define a 
number of probable and improbable weather scenarios. 

In the analysis, the three primary variables, i.e. 
temperature, ETP and precipitation were systematically 
varied through three, offset modes ranging from + 1/20 
to -1/20, using an historical data set. Each of the 
three variables were offset and daily values were 
generated by the Monte Carlo simulation. Rainfall was 
generated by. the Markov state probabilities defined in 
Section 8. 

The Monte Carlo simulation models was then 
cycled through ten times for each of the 27 probable 
and improbable scenarios. 

The results shown in Table 2 for average 
stress variations, but neglecting such absurdities as 
low temperatures and high ETP, high temperatures and 
low ETP, etc. demonstrate the invariability of the 
average stress for symmetrically distributed weather 
scenarios. 

The temperature influence on the length of the 
wheat crop season is clearly shown in Table 3. High 
early temperatures shorten the season length while low 
early temperatures lengthen the season. The symmetrical 
distribution specified however still produces a symmetrical 
influence as the wheat plant centered on flowering. 
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TABLE 2 


AVERAGE STRESS MEANS 


TEMPERATURE 

MODE 




PRECIP. 

MODE 




1 

2 

3 


E M 

1 

.54 

.67 

.65 

1 

T 0 

2 

.55 

.64 

.67 

P D 

3 

.48 

.64 

.65 


E 


1 

2 

3 

2 


1 

.53 

.58 

-67 



2 

..54 

.69 

.68 



3 

.54 

.67 

.67 




1 

2 

3 

'3 


1 

.53 

.70 

.69 


2 

.53 

.70 

.70 



3 

.56. 

.71 

.70 
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TABLE 3 


SEASON LENGTH MEANS 


TEMPERATURE 

MODE 


E M 1 
T 0 2 
P D 3 
E 


1 

75.0 

75.5 

73.3 


PRECIP. MODE 
2 3 


73.1 

75.2 
75.7 


75.2 

75.3 
75.5 


1 

2 

3 


1 

85.3 
87.8 

88.3 


86.7 

86.2 

86.0 


87.4 

85.1 

85.3 


1 

2 

3 


1 

109.2 
107.0 

108.3 


106.9 

101.9 
105.5 


110.5 

108.5 

102.0 
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The use of the averaged planting to ripe 

* 

stress model has been shown in Section 8 to be inferior 
by about a one bushel standard error of estimate to the 
daily weighted moisture stress approach. However,, 
there is ho doubt that the averaged approach produces 
acceptable results. 

The Monte Carlo simulation was used where the 
3 driving variables (temperature, ETP, and precip- 
itation) were systematically offset. That is, using 
the historically derived climatological data, each 
variable was systematically offset and’ the daily values 
generated randomly about the offset mean. The offset, 
or bias, is +l/2a of that variable's observed variation 
at day 91 and decreases linearly to -1/2 ct at day 280. 

J second -mode has values -I /20 and +l/2a at days 91 and 
270 respectively, while a third, used as a base for 
comparison has no systematic offsets over time. While 
temperature and ETP are treated as described, precip- 
itation amount is not varied. Instead, the Markov rain 
state probabilities are modified, simulation more 
frequent rain patterns at one end of the season and 
drought at the other. 

With the above modifications, the Monte Carlo 
simulation model discussed in Section 9.2.1 was cycled 
ten times for each of the 27 possible combinations, of 
variable modes. The results are summarized in Tables 
9-2 through 9-3. Analysis of the tables provides some 
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insights into the model. First, as might be expected 
from the sensitivity coefficients in Table 1, early 
season higher temperatures will substantially shorten 
the growing season. Conversely, a cool start will 
result in a long season. It must be noted that if ETP 
is systematically' higher throughout the season, then 
average stress will rise. However, aplanting-to-ripe 
average as a yield indicator does not appear to be 
sensitive to this type of variation. Third, in Table 
2, note that the precipitation mode determines average 
stress, regardless of season length or ETP' mode. 

Explanations for these results appears to 
agree with the analysis in Section 9.3.1. If the .total 
precipitation increases, then average stress will, in 
average, drop. Similarly, if the average ETP remains 
approximately constant, then no variation in average 
stress can be detected, regardless of the time in the 
growth cycle high ETP is observed. Temperature, 
despite the variation in season length and accompanying 
shift in the application of k-coefficients appears to 
have no discernible .impact on stress. Caution must be 
used in extending the Monte Carlo results too far. 

They are based only on 10 iterations and, as a result, 
statistical significance tests were not applied. 
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lO'O SYSTEM OPERATIONAL EVALUATION 

The "System" operated during 1975 over the upper Great Plain hard 
red spring wheat was obviously a prototype developmental system. The 
prior development work had brought the system to a state of quasi - 
readiness; however, the new region brought with it new problems and 
demands. The fact that these problems were overcome and the demands met 
is certainly’ demonstrated by the fact that a system was operating within 
30 days of final go-ahead. Yield estimates were developed for the test 
area at two week intervals/bushels/acre with region aggregated errors 
approaching zero. 

In the following- sections we will examine some of the operating 
problems in the 1975 operating environment and then look forward to a 
1976 operating environment and then to a 1980 operating environment. 

10.1 1975 Operating Problems 

In 1975 ground observations were acquired from Service C 
teletype rolls that were periodically picked up at the World 
Weather Building near Hi 11 crest. Heights, Maryland approximately 56 
miles from EarthSat's office. SMS satellite data were received by 
mail in standard hard copy print formats from Kansas City. The 

majority of the operating problems were associated with these data 

( 

inputs. 



The major steps involved in the preparation of synoptic 
stations meteorological data are graphically outlined in 
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Figure 10-1- A detailed discussion of each of these steps is 
presented in Section 4 of this report. 

During the operations minor problems were encountered 
at several steps of the data preparation, these were; 1) 
Service G teletype transmission errors and/or erroneous . 
readings of meteorological parameters, 2) missing, data, 3) 
introduction of errors during data extraction and- keypunching. 

Most of the transmission errors and erroneous readings 
inherent with any teletype data system could be- recognized and 
corrected by an experienced meteorological technician. 

To overcome the problem of missing data we telephoned 
the synoptic stations periodically- In future operations 
Service A teletype transmissions could be used as a back-up' to 
overcome this problem. 

Obvious errors introduced during data extraction and 
keypunching were corrected by computer software subroutines 
which checked the data before these entered the data library. 

In the future these subroutines could be refined to eliminate 

more subtle errors. ' , . 

Notwithstanding these minor problems, the manual process 
of extraction and preparation of synoptic data for the A6MET 
system was generally smooth and trouble-free. One major im- 
provement envisioned for the future would be to channel the 
teletype reports directly into a computer data storage system. 
This would greatly speed up the operations. Of course, soft- 
ware would be necessary to check data for consistency, trans- 
mission errors, and original reporting errors before these 
could be fed into- an A6MET system. 
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Figure 10-1 
data 


: Procedure for preparation of meteorological 

from synoptic stations. 
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10.1.2 Preparation of Satellite Data for Input to AGMET 

The major steps involved in the extraction of cloud 
cover information from SMS images are graphically outlined in 
Figure 10-2. 

The utilization of satellite cloud cover for estimation 
pf the net radiation term in the Penman ETP equation and for 
improving rainfall estimates is a major and unique feature of 
our AGMET system. Several minor problems were inherent in the 
manual and visual extraction of cloud information from SMS 
images: 

T. Analysts' subjectivity in cloud cover analysis and 
location introduce random errors of the order of 30 
ly/day in the net radiation estimation. 

2. Excessive manpower requirements. Approximately two 
man-days were required to analyze, encode, punch, 
and check one day of satellite data (four SMS images). 

A major improvement which could eliminate some of the 
analyst's subjectivity and greatly speed up operations, especially 
if the system is to be employed over larger areas (the entire 
U.S., for example), would be a computer-analyst interface 
system. In such a system, outlined in Figure 10-3, the needed 
teletype and satellite image data is contained in a computer 
data base accessible to the analyst via a CRT display. The 
analyst would use the display to locate cloud types, rainfall 
areas, etc., verified by teletype data which could be alter- 
natively or simultaneously displayed with the satellite image. 

The analysts would have available such parameters as cloud 
brightness and cloud top temperatures and actual rain reports 


10-4 





Figure 


10-2': Procedure -for extraction of cloud 

cover information from SMS images. 


10-5 












Figure 10-3: Postulated Interactive system for 

processing meteorological inputs. 
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to delineate rainfall areas and amounts. The analyst would 
then use a cursor to outline on the CRT cloud types rainfall 
areas, etc., and would have these introduced into the computer 
data base. Such a system would permit the analysis of a 
greater number of images per day which would more accurately 
depict the spatial cloud {and therefore rainfall) patterns. 

Various levels of sophistication are available between 
the manual -visual system employed last summer and the CRT- 
analyst interface system outlined above. Nevertheless, the 
major improvement, and one that we think necessary to speed up 
cloud cover analysis, is a CRT display of cloud cover images 
from which areal cloud analyses can automatically be encoded 
on cards, tapes, or preferably onto disks. 

10. -1.3 Regional Data Base Preparation 

Soils 

In the initial preparation phase soils data were derived 
from 1:2,500,000 soils maps. Because of the relative coarseness 
of our 12.5 X 12.5 n.m. cells it was assumed that the broad 
scale delineations would be adequate. Figure 3-3 in Section 3 
presents a map of soil classes as assigned. 

Subsequent review of yield variance on a county basis 
suggests a need to improve our description of soils. Initial 
evalations of LANDSAT images suggest that soil boundaries 
could best be defined from this source. Actual texture and 
crop available moisture derivations would come from use of 
soil association maps. 
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Active Cells 

In the 1975 operations we laid out a grid/cell geobase 
system over the entire four state test region. All processing 
activities were accomplished over all cells where a soil 
assignment had been made. This approach does not consider 
whether there is actually a crop planted in the cells. 

In the future LANDSAT images should be used to delineate 
agricultural land from non-agri cultural lands on a percent of 
cell basis. This would have the effect of reducing the total . 
number of cells processed. It might have a further effect in 
improving yield estimate by improvement in the weighting of 
acreage in our aggregated yields. 

10.1.4 Computer Software 

The software used in the "System" operations in 1975 
operated effectively but probably less efficiently than might 
be required for global applications. The specific items that' 
might be considered for change to improve efficiency include: 

(a) METRUN 

(b) AGRUN I-II 

(c) PREDRUN 

METRUN should be carefully reviewed to assure that all 
functions operate as separate modules, i.e., I/O, Processing, 
and Area calculations. The overall philosphy of the software 
should be carefully reviewed in the framework of a larger area 
operation. 

AGRUN should be reviewed to assure efficient structure 
in Ag-historic and site files. Some additional thoughts need 
to be directed to display procedures. 
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PREDRUN as irt i's currently configured is very site 
specific. Operations over larger areas -will require some 
rewrite'. 

‘ AIT of the foregoing' items refer specifically to prob- 

lems associated with use of the 1975 system in a larger con- 
text. None of the adjustments is- very comfSlex or expensive. 

10.1.5 Changes and Adjustments for Global Operations 

Global operations of the EarthSat System would be best 
•accomplished in the context of the discussions to; be presented 
in’ ’Section jO. 2.- If, however, there is interest in running 
the 1975 "System" over larger areas of the world the following 
suggestions are valid. 

(a) The global crop (I.e., wheat) population should be 
grouped' into sampling' regions which 'represent "YIELD 
ECOZONES" and effectively represent a' sufficient 
sample of the production universe. Each sample 
should be one or two LANDSAT frames -in .size. 

(b) The geobased grid included in each "yield’ ecozone" 
can ’be variable, i.e., some zones with small soils 

• variations could use a 50 n.m. grid while others 
would use the current 12.5 n.m. grid. 

(c) . The model should be run on a daily-basis over each 

sample site using the alternative daily stress 
weighted model. 

(d) The total number of sampled ecozones would be 

al 1 ocated .on the basis of mean daily rainfall event 
size for the region. Over the 1975 test regions 
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approximately 85 percent of all specific events were 
between 152 n.m.^ and 10,000 n.m.^. 

(e) Weighted aggregations would then be used to prepare 
yield estimates for areas equal in size to one or 
two CRD and larger. ' 

(f) - LANDSAT' historical images would provide- a basis for 

ecozone development and would provide improved soil 
and soil moisture release curve data. 

The foregoing suggestions would permit the operation of a 
global system which could permit physical -explanations for all 
yield modifying events. The loss of detailed moisture stress' 
descriptions would not influence relatively large area aggregates. 
Accuracies obtained in this manner should surpass standard 
regression approaches particularly in highly anomalous years. 

In the operational mode discussed in Section- 10.2 there 
would be no need to sample but it obviously could be done if 
desired. A limited test of a sampling scheme in N. Dakota is 
discussed in Section 8. 

10.1 .6 Applications of Weather Forecasts 

During the 1975 test two approaches were used to 
estimate the “future" weather to provide end- of -year yield 
estimates. The first used with QPRED was not a forecast at 
all; it simply was a statement that the past stress will be 
the future. In the averaged stress model this statement 
became more true as the number of actual days Included in the 
average stress increased. The second approach termed SPRED 
for-simulation Prediction used the distribution of historical 
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weather in a Monte Carlo simulation model. During the 1975 
tests SPRED used only historical weather; there were no 
attempts to test modified historical distributions based on 
short or long range forecasts. 

The SPRED approach is easily adapted to short and long 
range forecasts which are usually presented as "departures 
from normal." The adaptations recognize the fact that we will 
always be operating in a probabilistic world. Forecast 
"departures from normal" would be used to modify the historical 
distribution used by the SPRED model. Thus a combination of 
accurate short range forecast, whereby the distribution would 
contain only a limited variance, and larger range forecasts, 
whereby the variance would increase but the mean would be 
defined by the forecast, could be used to develop reasonably 
accurate end-of-year estimate with the added benefit of a day 
by day estimate of probable error due to weather uncertainty. 

10.2 Future Operations of the EarthSat System 
10.2.1 Background 

A routine U.S. effort toward global crop monitoring 
would logically involve NOAA's' National Weather Service (NWS) 
since it has traditionally provided weather support for 
agriculture and has served as the prime national interface on 
other global weather efforts through the World Meteorological 
Organization. Although the present purpose is to highlight 
satellite inputs to such an operation, a brief discussion of 
the NWS National Meteorological Center (NMC), and its facilities 
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for supporting such a mission, will provide- useful background 
for the subsequent satellite interface discussion. ■ 

The NMC is the primary NWS mission support element. 

Using global collections of all types of observational data, 
its numerical analysis and prediction facilities generate 
daily some 800 graphic weather pattern depictions and about 
the same number of alphanumeric message blocks which are 
disseminated as scheduled facsimile and teletypewriter trans- 
missions (NOAA 1975). NMC was recently relocated in expanded, 
more modern World Weather Building (WWB) quarters near Suitland, 
and NWS is diligently pursuing, other improvements which will 
provide' a highly automated and more effective weather service 
for the late seventies. 

A Digital Weather Radar Experiment (D/RADEX) has 
recently advanced to an approved operational project which 
will provide continuous and complete cloud echo coverage for 
all 50 states and surrounding coastal zones. The reduction of 
direct probe (balloon) rawindsonde data is also fast becoming 
a mini computer supported automatic operation. Data inputs 
and. product dissemination is undergoing a major modernization 
and upgrading under the Automation of Field Operations and 
Services (AFOS) project which is currently involved in a $40M 
procurement of some 275 mini computer-based data conomuni cat ion 
and processing systems. These interactive systems will be 
interconnected through a National Digital Circuit (NDC). 

- A new 8-level global numerical prediction model, now in 
operational test, will soon support routine global data analyses 
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and predictions, and NOAA's Targe central computing facility 
has recently been expanded to provide improved support for 
such prediction service. 

Traditionally, the NMC has cooperated with those 
seeking to enhance and diversify its product line. Over the 
years the NWS Techniques Development Lab and others have 
utilized the NMC observational data base and* its numerical 
analysis and prediction fields to generate wind component 
forecasts for flight operations, maximum/minimum temperature 
forecasts, and many other biproduct advisory outputs in 
support of specialized customer requirements. As such develop 
ments are stablized through operational testing, they then 
become a part of the routine production. Assuming proper 
resource support, it therefore seems appropriate to consider 
global crop monitoring as a likely adjunct to NMC operations. 
The present EARTHSAT Spring Wheat Yield -Model study effort 
provides insight toward such an operation. 

The study stresses the vital role of satellite image 
data - particularly -if crop monitoring is to be carried out 
over sparse weather observation regions on a global basis. 
Since the- National Environmental Satellite Service (NESS) is 
charged with supplying satellite image information on an 
operational basis, it is of interest to examine in some detail 
the various aspects of such support to an NWS global crop 
monitoring operation. 

At first glance, such a cooperative operation has much 
to recommend it. NWS and NESS are NOAA sister organizations 
with collocated operations. They share central computer 
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support and other facilities in the Suitland/WWB complex, and 
interactive cooperative relationships are well established. 

The following discussions will examine the operating environ- 
ment in some detail, noting the satellite data sources, the 
operational- satell-ite data processing and support facilities _ 
and the several interfaces through which -satellite information 
would be made available for such a global crop .monitoring 
operating, at NMC. Details -of the satellite data information 
extraction operations are projected in the context of related 
on-going operational activities, and a scenario is presented 
whereby a late seventies beginning operation could be achieved. 
A final, discussion deals with a more advanced operation which 
would utilize new satellite source data .and improved image 
data manipulating technology. 

10.2.2 The 1976-1980 Operating Environment 

By the late seventies a number of satellite programs 
will be providing data of value for global agricultural 
monitoring. Some programs will stress operational commitments 
and so provide data. and derived products in near real time 
while others will collect data in support of off-line ex- 
periments and research. All have received impetus' from The 
World Meteorological Organizations' Global Atmospheric Research 
Project (GARP), and many nations have environmental monitoring 
space projects which are now committed to the support of the 
First Global GARP Experiment (FGGE) in 1978. 

For the U.S., TIROS-N and the following operational 
liOAA satellites represents the primary data source for global 
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•monitoring on a daily basis (Ludwig 1975-).. With quasi polar, 
sun synchronous orbits, two such .spacecraft will provide 
complete global coverage four times each day. Four half mile 
resolution sensors will provide visual and infrared imagery (a 
fifth channel will be added on later spacecraft). This Advanced 
Very High Resolution Radiometer (AVHRR) will provide full 
resolution digital data locally through a direct High Resolution 
■Picture Transmission (HRPT) . About 100 minutes of such data 
can also be obtained each day from remote areas through spacecraft 
tape storage. Central processing of more de'tailed imagery can 
thereby be achieved for areas of special interest. .Complete 
global coverage is achieved through on- board averaging of 
stored information. Even though spatial resolution is thus 
reduced to about- 2, miles, the- resulting digital samples are 
retained as- 10-bit quantities in order- to maximize their 
quanti'tati ve utility. ■ • ■ 

A compound TIROS Operational Vertical Sounder (TOVS) 
wil-1 provide additional information, not only for generating 
atmospheric soundings but for surface applications as well. 
Included are: a basic sounding unit with fourteen sensor 

channels for tropospheric water vapor and. thermal -measurements; 
a three sensor "chopper" unit for stratospheric. temperature 
measurements; and a four sensor microwave unit for surface 
temperature sensing. ATthough measuring at various coarser 
resolutions, these sensors should provide valuable supplemental 
information .for crop monitoring. . ’ 

■ The TIROS-N series wi.ll aTso- provide a Data Collection 
System (DCS) whereby unmanned observation stations may be 
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int6rro99tfid to provido V6luable "ground truth" obsorvations 
from remote areas. The NWS Hydrologic Service is currently 
experimenting with some thirty remote platforms and more are 
to be acquired. Projecting the current trend in international 
meteorological cooperation, it seems reasonable to .expect that 
rainfall, river stage, snow depth, surface temperature, and 
other observational data could be made available in near real 
time from many agricultural regions of the globe by the early 

1980's. 

Present NOAA plans project the TIROS-N operational 
series to extend from 1978 into the mid 1980 's. During this 
period it seems likely that developmental efforts will result 
in the addition of more advanced sensors. Among these efforts 
it seems reasonable to expect improved capability in sensing 
surface temperature (.improved spatial resolution microwave 
sensing), atmospheric moisture, and perhaps surface soil 
moisture. Whatever the improvements realized, they will tend 
to enhance any beginning crop monitoring operation. 

Although not global in coverage, NOAA's new Geostationary 
Operational Environmental Satellite (GOES) system must also be 
considered a prime information source for agricultural monitor- 
ing within the western hemisphere. NASA's prototype spacecraft, 
Synchronous Meteorological Satellite, SMS-2, and NOAA’s GOES-1 
are currently providing image data for practically all vegetated 
portions of the Americas and equatorial islands. Half mile 
visual channel image data is available in the daytime and four 
mile !R day is available both day and night from the Visible 
and Infrared Spin Scan Radiometer (VISSR). Half hourly coverage 
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is obtained' from each ‘satell ite on a staggered basis so that 
overlapped coverage is available over most of the contiguous 
48 .United States at 15 minute intervals. 

GOES also provides a DCS facility (Nelson 1975} which 
is currently in an operational test status. A new ground 
support processing system is now being activated toward a 
fully operational commitment in support of FGGE in 1978 (WMO 

* * i - * 

19,75). ■ Relay capability of each satellite is projected at a 
mix pf some 10,000 observations per day. The current GOES 
central processing activity has settled into a stable pro- 
duction, but changes will, no doubt, occur as new products and 
sensor improvements expand this beginning operation. A funded 
effort . is currently under way to modify the VISSR by adding 

' ' • t 

sensor channels for sounder application. Although the VISSR 
Atmospheric Sounder (.VAS) version may not fly until the 1980' s, 
these, or perhaps other sensor improvements, will also tend 
to enhance agricultural monitoring capabilities.. 

LANDSAT and Nimbus satellite data must also be con- 
sidered -as important inputs to a future global crop monitoring 
operation. Despite their development and experimental charters, 
these NASA projects' can provide vital support to . such an 
operation. As in EarthSat's current Wheat Model Study, sensor 
inputs from such programs can provide the necessary satellite 
data for intercomparison with ground truth sites and so pro- 
vide the means ’for projecting application into regions with 
sparse ground observations. Applications studies using ultra 
high resolution imagery, or data from new experimental sensors, 
also provide the impetus for making such data available on 
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more operationally-oriented satellite programs. Experiments 
in more advanced on-board processing or improved ground pro- 
cessing techniques can similarly benefit an evolving operation, 

0 

Close and cooperative association between these programs and a 
global crop monitoring operation would therefore seem highly 
desirable as a means for improving its precision and expanding 
its impact. 

Other satellite programs offer potential information 
sources. Perhaps the most likely are the oncoming European 
Space Agency's geostationary METEOSAT and the Japanese Geo- 
stationary Meteorological Satellite (GMS). METEOSAT is to be 
stationed near the Greenwich meridian and GMS will be po- 
sitioned near 140°E. Both are now projected to begin oper- 
ations in support of FG6E in 1978. 

Each program has maintained interface compatibility 
between their DCS system and that on GOES. One may therefore 
anticipate the international exchange of greater amounts of 
satellite data on a near real time basis. Already such 
international cooperation has begun with France routinely 
relaying direct readout sounder data from NOAA polar orbiting 
spacecraft through the geostationary DCS facility into Suitland. 

The SEASAT program represents another possible inter- 
face. With approved funding, both in NASA's developmental 
procurement and in NOAA's processing preparations, first 
launch is projected for 1978. Although projected as a NOAA 
operation in support of ocean interests (oceanography, fisher- 
ies, etc.), there may be overlap in surface sensing over 
land - particularly from the planned microwave sensors. 
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Should such information be of value for agricultural monitor- 
ing, this new operational polar orbiter system would be able 
to offer data in near real time on a' global basis. 

Other space developments could have impact, but timing 
and other details appear less certain. Perhaps the greatest 
impact could come from further developments in communications 
satellites and in satellite-to-^satelUte relay capabilities 
'(-such as NASA's TORS effort). Conceivably, direct relay from 
a LANDSAT having steerable imaging capability could transform 
the present program into a near real time operation, with 
selectable global coverage on a daily basis. Short of such 
ultimate ideas, there appears to be an ample supply of sat- 
e.llite data which would justify an operational ^global crop 
monitoring effort by the end of the present decade. 

Apart from the availability of source data, the impact 
of satellites on such a .crop monitoring program requires an 
appropriate data processing and analysis facility. A brief 
review of the NESS processing facilities, as projected into 
the late 70' s is therefore in order. 

A rather complete descniption of the GOES central data 
processing and analysis facil ity is available Bristor (1975) , 
and a companion facj-lity for the TIROS-N operation is presently 
under contract development. With both satellite systems pro- 
viding digital source data, great emphasis is being p-laced on 
the quantitative extraction of informat-ion from all sensor 
packages. Care is therefore exercised in converting raw bit 
streams into meaningful engineering units through proper 
aoplication of accompanying calibration data. Special attention 
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is also being given to the problem of applying proper radio- 
metric corrections for. varying attenuations due to. atmospheric 
constituents. And substantial resources are devoted to the 
optimum earth location and geometric normalization of all 
sensor data. A diagnostic qua:lity assurance effort assesses 
noise content and other incoming signal quality factors, and 
provides an overall monitor service for product adequacy and 
timeliness. Both satellite systems will be serviced by 

t 

dedicated preprocessing facilities and specialized product 
output display and distribution equipment. 

A large scale central computer complex is provided as a 
shared NOAA facility for NWS and NESS operations. Three IBM 
360/195’ s with 64 spindles (6400 M Bytes total capacity) of 
disk storage comprise the present system. Both NMC and NESS . 
have "direct access to the central facility through special 
high speed selector channels. Thus each may inject masses of 
prepfocessed data and e){tract formatted outputs for facsimile 
and teletype transmission and for local display.. More im- 
portantly, each also has ready access to all data bases and 
products. Within this operational environment, production 
which requires a diversity of observational inputs, and 
special output user interfaces, can be carried out in an 
optimal fashion. 

The NESS operation recognized the need for visual in- 
spection of imagery and human decision making. The present 
GOES operational facility includes three Man-Machine Inter- 
active Processing Systems' (MMI PS) to support such activity-, 
and it appears that the TIROS-N operation will require some- 
what similar systems. In a developing image processing operation. 
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experience seems to indicate a step-wise progression into full 
automation. Products are often tested and evaluated with 
human decision makers “in the loop." Once the product is 
accepted, obvious automation steps are usually taken, but 
certain human decision steps may not have ready automatic 
equivalents or the changeover may be too costly. Complete 
automation of one production task is often followed by the 
initiation of a new test product which then passes through 
similar stages. A global crop monitoring effort would fit 
well into this evolutionary production environment.. 

10.2.3 Quasi- Automated Satellite Inputs to a Day-One Operation 
• The process of extracting quantitative information from 
satellite imagery tends to be hierarchical, with more sophis- 
ticated processing resulting in the generating of more complex 
output products which represent greater value to the user. 
Initial processing steps are usually required for nearly all 
products so that their cost is justified in terms of the 
entire production. However, as the processing steps become 
more specialized, the common product cluster often becomes 
rather small. In order to avoid uncertainties in committing 
resources on singular costly products, one therefore strives 
to develop a processing approach which maintaines maximum 
generality in the more complex processing steps. 

In the earlier TIROS Operational Satellite (TOS) system 
this ideal was pursued in processing vidicon- image data. 

Beyond the preprocessing steps (calibration to remove vignett- 
ing; radiative correction for solar zenith angle; earth location 
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and mapping) an attempt was made to transform mapped image 
clusters into generalized image "descriptors." Rather simple 
parameters were used to describe average cloud .brightness and 
other characteristics of the individual image sector bright- 
ness topographies. Although this approach found some application 
Miller et al {1971), problems with vidicon responses and 
calibration discouraged those interested in quantitative 
applications. Now with multiple channel digital data there is 
new appeal for this approach. The Air Weather Service has 
developed a processing system whereby several ’"state parameters" 
are extracted from satellite image data and entered into a 4-D 
computer data base along with other observables. Various 
analyses and predictions are then made using all available 
information in each cluster volume for each time period. 

EffoKs persist toward greater obj,ectivi-ty and generality in 
the generation and use of such state parameters Booth (1973), 
and.it seems desirable to amplify this effort with the larger 
bulk of multi-channel -data to come from TLROS-N. 

Many approaches to feature extraction from image data 
have been suggested in the pattern recognition literature 
Tou (1975) and Kanal (1974). Current contract study efforts 
toward the design of the TIROS-N data processing facility 
will., hopefully, incorporate an economical means whereby a 
descriptor set with wide ranging product applications may be 
generated. Whether descri'ptors are derived from direct image 
cluster pattern -measurements (e.g. , a brightness topography 
laplacian), from measures of cluster Fourier Transforms, or 
from htstographs, one would expect direct applicability of the 


10-22 



resulting parameters to the crop monitoring operation.. Past 
studies Barrett (1973), and the current Wheat Model Study all 
suggests the value of cloud amount and type from visual channel 
satellite data, and efforts continue toward the extraction of 
independent information from multi-channel data Follansbee et 
al (1975). Considering the important requirement for cloud 
type amount, and vertical distribution in many other customer 
interface areas, it would be surprising if a beginning crop 
monitoring operation required extensive independent information 
extractions beyond those planned for other NESS production. 

In order to project a beginning operation, one might 
postulate a TIROS-N data processing arrangement based upon 
stated requirements. Once the system design study is complete, 
■one may then modify the plan to more precisely confirm to the 
operational environment. From present indications one may 
project the following as situation features in support of a 
day-one operation: 

° Satellite- sensor data from TIROS-N will be pre- 

processed (.calibrated, radiometrically corrected and 
earth located) and available as a randomly acces- 
sible data base in near real time ’on a global 
coverage basis within the Suitland 360/195 central 
computer facility. 

Additionally, a derived set of parameters will be 
available from image data cluster sets with several 
such parameters aimed directly at the determination 
of cloud amount, cloud type and vertical distribu- 
tion. 
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Interactive graphic facilities will be available if 
needed for further separation of data classes or for 
monitoring of a beginning crop modeling and monitor- 
ing operation. 

° Global TIROS-N data sets will be available on a four 
times per day basis* and all such sets will be 
accessible with adequate 195 computer time, for a 
once~per~day operational computation. 

° The situation will be similar to the above for 

SMS/GOES VISSR data except that information will be 
available at 3-hourly intervals and only for the 
Americans. 

° Output facilities will be available for suitable 

local output (graphic and/or alphanumeric hard copy) 
and for the automatic transmission of similar pro- 
duct messages or graphics. 

All of the above is, of course, predicated upon the 
assumption that the global crop monitoring mission would 
successfully compete with other missions as a cost effective 
endeavor within the national interest. 

With the above projections, one may visualize a program 
package based on the present Wheat Model Study and resident in 
the 360/195 system at Suitland. This portion of the overall 
NESS applications software library would be subdivided into 
several components: 

i 

1. A TIROS-N input data interface model 

2. An SMS/GOES input data interface model 

3. A near real time data input interface- for in situ 
■ weather observations and all other timely inputs 
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4. An Integration and model calculation module 
.5. A production output module 
6. A diagnostic development and test module 
The first module would transform preprocessed TIROS-N 
data and derived intermediate descriptors into a data base 
synthesized .and formatted as- measurements of precipitation, 
sunshine, and other factors required as inputs to the general- 
ized crop monitoring model. Software supporting this task 
would function largely as an automated activity, but some 
inputs may not be adequately separated into proper classes as 
required by the generalized crop model. • A case in point might 
involve frontal zones where baroclinic accelerations tend to 
'produce a complexity of multi -leyel'.'clouds with different 
motions and overlapping pattern features. In such cases the 
use of an interactive graphic facility may provide justifiable 
payoff since resolution of such cases would be important in 
terms of model outputs. Human resourcefulness could select 
alternate sensor displays and, result in decisions beyond the 
discriminating ability within the automated software. The 
overall result of this first stage activity would be to accrue 
current inputs to the model data base, and such activity would 
presumably take place periodically as an appropriate volume of 
input data .had accumulated. With four global coverages per 
day from the two operational spacecraft, this work would 
likely be done in e^-hourly batches. 

' In general, such activity could be gracefully combined 
with other operations since the only time-critical deadline 
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would involve injection of the final batch of input data and 
the scheduled production run. 

The second item represents, a parallel task related to 
the first, but VISSR data processing will involve different 
software. And the interactive work would likely utilize the' 
MMiPS interface. Data additions could occur at 3 hour inter- 
vals, but, again, the final deadline is the only critical 
scheduling consideration. Although the VISSR data input 
activity is similar to that for TIROS-N, the particular 
descriptors generated will likely differ. This results from 
the fact that image data sequences are available on a more- 
frequent basis, and product goals for the two data sources are 
different. However, with different transformation software, 
the tasks involved in adding to the crop monitor model data 
base would function much as in the TTROS-N case. 

The third activity accumulates all direct probe mete- 
orological measurements as currently obtained through NWS 
channels over their global tel ecormiuni cation links. - The 
advent of AFOS will improve the timeliness of such data 
collections for domestic regions, but the data will be sorted, 
reformatted and stored by NMC in the 360/195 much as it is 
today. 

A significant increase in this data base may be ex- 
pected at the DCS systems on both TIROS-N and SMS/GOES expand 
into full load' operations. This augmentation is to be a 
shared responsibility with NESS forwarding only partially 
processed bit streams into the 195 and NMC doing the final 
transformation, sorting and formatting into standard obser- 
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vational collectives. Aside from increased bulk, however, the 
software module which transforms these inputs into an appropriate 
crop monitor data base wi.ll accomplish- much the same tasks as 
the now involved with the Wheat Yield model. This software 
would likely function as a completely automated- activity, 
perhaps operating uhder NMC supervision as an appendage to 
their operational software which ^digests incoming data into 
their data base. 

The fourth component i.s the core of the activity pro- 
viding the transformation of input information through the 
generalized model into output indicator fields. There would 
likely be a variety of computer output files expressing 
results not only as simple yield figures but in various inter- 
pretive forms. 

The -production output module would contain a variety of 
selectable routines which would create formatted messages, 
•graphic displays, printouts and other options,. A vital output 
form would transfer daily production into a multi -tagged 
archive fiTe which could then be utilized in generating a 
variety of periodic- off-line surveys and other summary reports. 

The sixth module provides the important means by which 
faults are diagnosed and im,provements made. Again, human 
interaction would be important, and considerable software 
support is required so that the diagnostician may explore 
symptoms with graphics or hard- copy printouts. 

As model improvements are developed, this module also 
provides the means for evaluation and test. Specialized data 
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bases {from LANDSAT, Nimbus, aircraft, micro surface station 
networks, or other sources) would undergo special interpreta- 
tion to generate new regression coefficients or otherwise make 
model revisions. Once the revised model was ready for test, 
this test version would interact with the routine model pro- 
duction software in an operational simulation mode. Because 
of the variability in developmental activities much of this 
diagnostic software would function best as separate modules 
operating under some common protocol and interface formatting 
arrangement. 

The above scenario describes some of the main features 
of a generalized crop monitoring operation. Although details 
of the TIROS-N data processing arrangement must await the 
outcome of current contract studies, the broad picture, as 
stated above, can be inferred from stated requirements. More 
detail can be added as NOAA/NESS formulates their final 
hardware/software design early in 1976. Once decisions are 
made, the procurement, installation, and testing of the facility 
will step ahead on a tight schedule in preparation for the . 
planned launch of TIROS-N in 1978. 

10.2.4 An Evolving Future System for 1980-85 

By 1985 the- SMS/GOES and TIROS-N operations will have 
stabilized into rather routine activities but by then several 
changes appear likely: 

° Larger and faster large scale computers will be 
available and the pressures from advances in nu- 
merical weather prediction and an expanding sat- 
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ellite activity will result in a move to replace the 
360/195 complex. It will likely be economically 
advantageous to replace exiting equipment with 
mainframes having at least 5- fold throughput improve- 
ments; random access rotating storage with' 5-fold 
capacity improvement;, very much larger high speed 
memories. 

The VAS sensor package will have replaced the VISSR 
in the SMS/GOES operation to present the opportunity 
for indirect atmospheric soundings at 2 or 3-hour 
intervals oyer an area some 1.70*’ in longitude by 
about 100° of latitude. Even if soundings were pro- 
duced at 2° spacing each 4 hours the calculations 
for these 255,000 soundings would have a major 
resource impact. 

The TIROS-N operational series will be reaching the 
end of its projected 8-year lifetime and a new 
system of polar orbiters with more advanced sensors 
will likely amplify the global data set, perhaps by 
a factor of two. 

Advances in telecommunications capabilities and 
competition between carriers will make practical the 
exchange of much larger basic -data sets. 

Improvements in microelectronic and/or optical 
digital .data handling techniques will generate 
faster and improved methods .for the practical ex- 
traction of quantitative information parameters from 
image data. 



All of the above ingredients suggest a substantial jump 
in environmental satellite activities for the latter 1980 ’S. 

In order to justify such a jump there must be strong arguments 
for economic payoff in terms of operational product improve- 
ments. In the case of global agricultural activities one can- 
visualize desirable advancements beyond a simple monitoring 
function. The principal need for advancement would appear to 
involve the ability to predict deviations from normal yield 
with sufficient precision and. over realistic time spans so 
that alternative actkns might be taken to avoid famine. 

While some work has been done in using satellite data for very 
short range predictions, any longer range capability must 
depend upon the development of better longer range weather 
prediction even with eventual linkage to cTimate and climatic 
trends, McQutgg (1975). While work in this area might now 
seem premature,’ EarthSat is interested in considering- such 
future possibilities as a part of its interest in the overall 
crop yield and monitoring effort. Once current efforts have 
evolved into a meaningful operational service there will 
likely be interest in addressing such a program as an inter- 
national cooperative effort. 
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n.O SUMMARY 


The 1975 test of the EarthSat Spring Wheat Yield '"System" has pro- 
vided a comprehensive review of the- strengths and weaknesses of the 
"System", Particular strengths seem to be apparent in the geobased data 
management system and the systematic plant weather environment diagnostic 
elements. Some small weakness is found in the moisture budgeting 
functional elements and in the yield model. None of the weaknesses are 
totally significant to the system. Alternative approaches have been 
examined and partially tested to overcome all of the weakness. Some 
specific findings of the system test include: 

(a) Precipitation estimates were accurate to within ’Smm 72 percent 
of the time and 7mm 90 percent of the time. 

(b) Potential evapotranspiration (ETP) estimates were within 2mm 
of Class A pan evaporation measurements 68 percent of the 
time. 

(c) The phenology or growth stage (BMT)' "clock" error averages 

+ 3.4 days for the Jointing (BMT = 2), Heading (BMT = 3) and 
Soft Dough (BMT = 4) stages. 

(d) Evapotranspiration estimates (ET) at 7 day intervals seem to 
show the correct sign but the magnitude averaged -25mm in 
error. A suggested change in the moisture release function 
improves the absolute error to -Smm. 

(e) Yield forecasts prepared early in the test at two week inter- 
vals using a N. Dakota (developed over 3 counties) model and 
N. Dakota trend show errors of -0.5 percent in N. Dakota, -13 
percent in Montana, -»-30 percent in S. Dakota, and -7 percent 
in Minnesota. 


11-1 



(f) Yield forecasts prepared after reevaluation of the trends for 
each Crop Reporting District (CRD) and the introduction of a 
high temperature factor produced errors at the state level of 
-0.5 percent for Montana, and +10 percent in N, Dakota, S. 

Dakota and Minnesota. The residual errors may be due, in part 
to the inability to accurately define recent year trends with 
existing analytical techniques. 

(g) Coefficients for weather stress appear to be constant for all 
four states. 

(h) CRD correlation coefficients for Montana, N. Dakota and 
Minnesota are approximately .75. County level correlation 
coefficients in Montana and N. Dakota are approximately .45 
and .55 respectively. 

(i) Tests of a weighted daily stress yield model suggest improved 
sensitivity over the averaged planting to ripe stress model. 

(j) The "System" seems to describe spatial variances in yields at 
2 to 3 country aggregate levels. 

(k) The "System" can be directly applied to other areas of the 
world for spring wheat using a sampling technique if aggregate 
yields at CRD or state level only is the objective. 

(l) The "System" can be operated on a global scale assuming large 
total samples of wheat growing regions for the dollar equiva- 
lent of an hour of IBM 360/50 per real time weak. • This 
estimate assumes that all meteorological data entry is automated, 
and does not include personnel costs, or display costs. 

(m) The output from the system for stress, BMT rainfall, soil 
moisture yield, etc., is at a scale that can be used inter- 
actively with LANDSAT. 
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(n) LANOSAT image data can provide a direct input to the suggested 
weighted daily stress yield model. 

(o) Future plans in NOAA's TIROS-N program imply a good possibility 
that automated entry of satellite data will be operational. 

(p) The "System" can be used to run physiological plant models, 
i.e., dry matter accumulation models over large areas. This 
potential will allow marked further "System" growth and 
adaptation to other crops and new variations. Such "growth" 
is not possible with most other approaches. 

The 1975 test has shown that the "System" is strong in its diagnostic 
elements but somewhat weaker in its yield predictive elements. Recommen- 
dations for improvements to. both elements have been developed and there 
is therefore no basic limitation to future regional and/or global 
applications. Complete "System" software documentation has been devel- 
oped and adjustments for other areas and/or computers are min.imal. 
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12.0 RECOMMENDATIONS 


■ EarthSat is optimistic about the .outcome of evaluations of its 1975 
"System" test and as such it is appropriate to present some .recommen- 
dations for future applications, testing and research needs. 

12.1 Further Applications 

The basic diagnostic elements of the system together with the 
geobased data management scheme are applicable to any region of the 
world therefore the following, direct applications are recommended: 

(a) The 1975 "System" as documented should be applied to 

■ corn, soy bean and winter wheat regions of the- United 
State either as a sampled basis, i.e., as suggested for 
global operations or over all producing areas. Existing 
physiological models should be tested with the basic data 
derived. Examples of existing physiology models include; 

® SYMAIZ. by Duncan, ‘U. of Kentucky 
° CORNMOD by C. Baker and B. Curry, Ohio- State 
° SOYMOD by C. Baker and B. Curry,. Ohio State 

° SIMCOT by D. Baker USDA Mississippi State 

° A Winter Wheat Model by Ricketts, Oregon Stal 

(b) . The 1975 "System'.' run should be tested further on its 

/ ability t0‘ describe the variance in dry matter accumulation 
’rates for use by the USDA in their energing within-year 

■ yield forecasting models. 

(c) The 1975 "System" should be tested as an adjunct to the 
NOAA regression yield models in several foreign countries 
selected as candidates for LACIE future emphasis. The 
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syst6tn would probably ,be most roadily oporated over a 
series of LANDSAT sample. ecozone units .representative of 
the production distribution of the areas under study. 

(d) The basic diagnostic model parts of the "System", should 
be tested at first order weather station's and' the dia- 
gnosed data on a daily basis could then be aggregated for 

.CRD size areas on a .weekly basis. This simplified 
approach should yield results that surpass standard 
regression approach and they would further offer the 
opportunity to apply new physiology models. 

(e) The basic "System" should be applied to hydrological as 
well as agricultural problems. 

12.2 Further Research Stud.ies 

The current model is, in general, fairly well developed; there 
are, however a number of areas that could be studied in much more 
depth. These include: 

(a) The overestimation of light precipitation amounts is a 
critical item. Work should’ be .directed toward means to 
correct this tendency. Possible approaches may include 
statistical studies to allow insertion of an offset into 
the rain/no rain determination or further applications of 
direct satellite derived data. 

(b) The "System" appears to describe variations in plant 
condition for "good" or "bad" conditions guife well. 
LANDSAT imaged data seems to clearly substantiate this 
assertion. Further studies of historical and current 
LANDSAT data will further define the range of definable 
conditions. 
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(c) LANDSAT data should be tested to provide soil character- 
istics to be included in the nwdel. For example soil dry 
down rates are. needed by the model. These dry down rates 
are poorly defined by existing models. 

(d) Additional “middle" model approaches, i.e.,hon dry 
matter, should be examined using the "System" outpu,t. 

12.3 Remote Sensing Application Studies 

The app.lication of remote sensing from satellites to the 
"System" is really in its Infancy. The following items cover 
recommendations for further research into the further applications 
of remote sensing in the system. 

- (a) Explore the availability of operatioilal polar satellite 

data inputs for global crop monitoring. Extrapolating to 
the 1980 time frame, this, would amount to a' cooperative 
investigation with- NOAA into the interrelationships 
between information extraction activities in support of 
their presently projected product line and the related 
input needs, for crop monitoring. A number of current 
developmental efforts will likely influence TIROS-N 
production, and the blending of such activities with a 
crop monitoring usage may well require outside inves- 
■ tigative assistance. 

' One present effort considers the determination of 
percent cloud cover over small sectors using brightness 
thresholding of visual channel imagery in an automated 
procedure related to that utilized in the present EarthSat 
Wheat Model study. With cloud cover thus supplied, the 
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coincident IR sample array then undergoes analysis in 
histogram form with resulting extractions of surface 
layer air temperature and moisture estimates. Con- 
sidering the additional image data channels on TIROS-N, . 
this approach may well evolve into a generalized par- 
ameter extraction operation. 

Another area of activity involves the exploiting of 
multi channel atmospheric sounder data in several related 
meteorological applications. One treatment generates 
mapped topographies showing response differences between 
a lower tropospheric response channel and a channel with 
response near the tropopause. Preliminary examination 
suggests application as a stability indicator for the 
lower atmosphere. If successful, such a tool would 
provide evidence for potential convective rainfall develop- 
ment. Other mappings of single channel sounder data 
indicate the vertical extent of convective clouds already 
developed thereby suggesting a direct indicator of con- 
vective rainfall severity. Construction of mapped mosaics 
using response from a stratospheric channel suggest a 
direct simulation of stratospheric thickness. By proper 
contouring and thermal wind interpretation, such analyses 
may provide measures of accelerational intensity in 
precipitation producing frontal zones. A sequence of 
such charts is now produced on a daily scheduled basis 
for routine evaluation and experimental operational use 
With TOVS, such specialized data manipulations should 
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substantially supplement the information to be derived 
from the vertical profiles of temperature and moisture. 

Still other efforts within NOAA are concerned with 
the modeling of precipitation mechanisms. One devel- 
opmental effort has used radar data to help establish a 
lifetime estimate for convective shower cloud cells. 

In all of these areas there appears to be many 
challenges for the development of operational applications. 
If quantitative extractions are to be utilized in a 
global crop monitoring effort, meaningful resources must 
be dedicated to this singular goal. 

(b) Examine the separate potential contribution of operational 
geostationary meteorological satellites in agricultural 
modeling. Although there are many direct counterparts to 
pol-ar ori biter data interpretation, the geostationary 
satellites provide the unique opportunity for generating 
additional short term trend information. Convective cell 
life cycles and other trends in cloudiness, usually 
expressed as best estimate model parameters in the case 
of infrequent data inputs, may be measured more directly 
using the frequent imaging cycles of geostationary sat- 
ellites. Current developmental efforts are attempting to 
exploit such added inputs for mid latitude rainfall 
estimation. At present such new developments may find 
application only over western hemisphere land areas, but, 
with international cooperation, such application may well 
extend to all agricultural regions using the network 
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of geostationary meteorological satellites projected for 
the late seventies. 

As the VAS replaces the present VISSR on SMS/GOES, 
similar trend' information will be available for the 
atmosphere as a whole. '(Although' decisions have yet to 
be made, there is the possibility that this change could 
occur with GOES-C with launch in 1978.) Changes in 
/moisture flux and- in atmospheric stability will represent 
new measurements of direct value In deriving rainfall 
estimates. 

By 1980 the opportunity will exist for the amalgamation 
of polar arbiter and geostationary satellite data. With 
dual TIROSrN-type satellites providing inputs four times 
per day and the system of geostationary satellites .supplying 
supplementary trend data, there appears to be great 
potential for def-initive. global crop monitoring, but 
again, specific resource commitments, will be required for 
such preparation. 

(c) Assess the potential contribution of other satellite 
systems. Further assessment of the impact of the pre- 
viously-mentioned LANDSAT, Nimbus, and SEASAT programs on 
agricultural modeling, certainly appears desirable. ' 

Perhaps- the continuing strong LANDSAT applications development 
activities supported by NASA, Interior and Agriculture 
■ provide only restricted opportunity for new exploitive 
investigations, but .some new effort may be desirable, 
particularly in maximizing the interplay of such data in 
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the development of general i zed- global agricultural 
models'. 

SEASAT, now. scheduled for first launch, in May, 1978, 
would seem to offer new opportunity for applications ‘ 
development. Although primary service for retrospective 
■users will be the. responsibility of the Jet Propulsion 
Laboratory {18), certain data will.be ava.ilable operation- 
ally under an agreement now being negotiated between the 
U.S.'Navy Weather Service, NOAA and NASA. Of particular 
interest is the data to come from the Scanning Microwave , 
Radiometer (SMR), which will be relayed from Alaska to 
Monerey, California where the raw bit stream will undergo 
transformation into engineering units with proper earth 
location information appended. Data will then be avail- 
able for all operational applications through normal ' 
weather data distribution channels. Apart from marine 
applications, the SMR data is also under consideration as 
a new source for measurement of precipitation and soil 
moisture. Since soil moisture relates more directly to 
crop yield than rainfall., the latter measurement po- 
tential is of particular interest. The five channel 
instrument will provide measurements in a variety of 
spatial resolutions with the highest frequency channel 
(•37 GHz) providing 10 Km resolution. 

Global coverage of SMR data from SEASAT requires 36 
hours- since successive passes do not provide contiguous 
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viswinQ 9 t fll'l lfltitud6S. Howsvsr SMR will 3lso b6 
carried on Nimbus G with launch schedule within the same 
time frame thus providing the potential for supplemental 
overlap. Despite the comparative time sparsity of SMR 
data, these independent inputs should certainly prove 
valuable for crop monitoring application. Intercompari- 
sons between SMR and.TOVS/MSU data may also provide added 
opportunity for reinforcement of the indications of each. 

Such efforts in support of the specific crop monitoring 
mission will comprise an added investigative task re- 
quiring separate resources,' 

(d) Examine the interplay between direct probe observational 

inputs and indirect measurements from satellites. Clearly, 
satellite data must contribute as a substitute where no 
direct probe information is available. Many areas lack 
adequate local ground-based observation, and in other 
instances, information is obtained only on a post 
analysis basis. 

The present meteorological synoptic reporting network 
mainly reflects the status of global economic development. 
Many areas of potential agricultural importance are, at 
best, marginally represented in terros' of local meteoro- 
logical observations. In such circumstances, the existing 
reports with spatial or temporal sparcity or with deficiency 
in content provide only partial needs for an agricultural- 
model. Once' a generalized crop monitoring model has been 
developed, one valuable use will involve diagnosing the 
adequacy of existing weather reporting networks and 
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recommending locations and time intervals for new ob- 
servations. 'With significant growth potential in the 
remote station data relay load in the SMS/GOES DCS, such 
an analysis could provide valuable guidance toward a 
western hemisphere crop monitoring operation. And with' 
guidance available for establishing, DCS traffic for 
TIROS-N, the similar needs for a global network could 
be more economically developed. 

(e) Investigate the impact of crop monitoring as an adjunct 
activity within the projected NOAA operation circa 1980. 
Within NESS the SMS/GOES data handling and computer 
processing facility commenced operations in 1974 with the 
launch of SMS-1, but operational improvements continue. 
Direct linkage between dedicated equipment and the shared 
360/195 central processing facility has only recently 
been, -activated. Raw ingest data may -now be transferred 
to the central facility and properly formatted output 
products returned with minimal operator intervension. 

The new Data Processing Support System (DPSS) for 
TIROS-N is now in the final design, phase. It will pro- 
vide similar 360/195 interfacing capability and will 
include an archival mass storage system; 

Although the combined' NESS processing support 
facilities would seem to offer ample capacity for in- 
clusion of e crop monitoring operati.on, there are many 
practical details to be addressed. Provision for pro- 
perly formatted input data, the attachment of model 
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calculations to other related production, and the oper- 
ational output monitoring, reporting and archiving, all 
represent new planning and implementation tasks. This 
effort would represent a substantial negotiation involving 
a project team with proper resources'. 

(f) -Investigate the impact of a crop monitoring operation on . 
projected NMC processing activities. As mentioned at the 
outset, a NOAA crop monitoring effort would likely be 
assigned as a National Weather Service mission, and, 
since it would be a computerized activity using direct 
probe observations, it would, no doubt, be assigned as an 
NMC production task. Apart from satellite and direct 
probe data inputs, the model might also use the three- 
dimensional weather analyses and predicted fields which 
comprise the numerical weather prediction activity. 

There is thus need at this interface for interactive 
planning — both in crop model development and in later 
operational activities. 

-(g)- Work with NASA and NOAA to develop and refine a general - 
' ized global crop monitoring model for routine operations. 

I 

Following the approach used in the present EarthSat Wheat 
Yield Model, one must .generalize those parameter features 
which have. been made specific to wheat, and model those 
secondary parameters of most significance with greater 
generality. The mating of observational representations 
with the model parameters then becomes an iterative 
process in which -developmental data samples are utilized 
to develop maximum correspondence. Additional -tests on 
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independent. data samples may suggest further refinement 
before provisional operations begin. 

(h) Design and develop a product monitoring capability which 
not only generates reports and assessment analyses for 
output users but evaluates model deficiencies and conducts 
a continuing improvement effort. • This can best be done 
as a post task by the development team involved in the 
preceding task. New processing techniques, new data 
sources and the activation of different model parameters 
must all be considered in the continuing production 
improvement. Any alterations or revisions must undergo 
test evaluations in competition with the operational 
model. Only after concensus agreement would operational 
changes be made. Even then, means must be devised for 
relating past production to new model outputs in order to 
maintain long term continuity for eventual climatic 
comparisons. 

As mentioned above, substantial resource commitments are 
involved in the enumerated tasks. Should national policy dictate 
the activation of such a global effort, then resources would pre- 
sumably be available. If governmental manpower restriction preclude 
assignment of in-house resources, EarthSat welcomes the opportunity 
to provide assistance. A .first task might well involve establishing 
a more detailed set of tasks such as those enumerated above. Such 
a survey could provide quantitative estimates of resource requirements 
so as to establish cost figures. A companion study could project 
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the likely skin of the monitoring, effort so as to provide a cost . 
versus yield analysis. 

Presuming a favorable output based upon national goals and 
considering the cost/benefit analysis, the next phase would involve 
specific planning', first for the developmental aspects of the 
mission, and, finally, preparations for routine operations. 
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APPENDIX I 

LISTING OF GEOBASE FILE STRUCTURE 
(Includes Soil Categories) 



SOIL SEQUENTIAL 


I 

J 

K 

LAT 

LON 

STATE 

CROP REP. DIST. 

COUNTY 

CLASS 

NO. 

?06 

135 

2 

46.92N 

113. 22W 

MONTANA 

NORTH CENTRAL 

■.LACIER 

1 

1 

?0h 

33(S 

1 

48.69N 

112. 63w/ 

MONTANA 

NORTH CENTRAL 

^LACIER 

1 

2 


336 

? 

4«.58N 

112. 89W 

MONTANA 

NORTH central 

OLACIER 

1 

3 

?(\h 

33h 

3 

48.7SN 

113. 06W 

MONTANA 

north central 

GLACIER 

L ' 

4 

?0f, 

336 

4 

48.B6N 

112. 80W 

MONTANA 

north CENTRAL 

GLACIER . 

1 

5 

?ne» 

337 

1 

48.35M 

112. 31W 

MONTANA 

NORTH CENTkaI 

PONDERA 

I 

6 

?0h 

337 

2 

46.24N 

112. 56w 

MONTANA 

NORTH CENTRAL 

PONDERA 

1 

7 

?0^ 

337 

3 

48,41N 

112.73W 

MONTANA 

NORTH central 

GLACIER 

1 

8 

?06 

337 

4 

48.52N 

ir2*47W 

MONTANA 

NORTH CENTRAL 

GLACIER 

1 

9 

^06 

336 

1 

48.01N 

111.99W 

MONTANA 

NORTH CENTRAL 

TETON 

1 

10 


33rt 

2 

47.91N 

112.24W 

MONTANA 

NORTH CENTRAL 

TETON 

1 

11 


338 

3 

48.07N 

1 l?.4f)w 

MONTANA 

NORTH CENTRAL 

TETON 

1 

12 

?06 

33H 

4 

48.18N 

112. 15W 

MONTANA 

NORTH CENTRAL 

PONDERA 

1 

13 


33^ 

1 

47.67N 

U1.68W 

MONTANA 

NORTH CENTRAL 

TETON 

1 

14 


339 

2 

47.57N 

111.93W 

MONTANA 

NORTH CENTRAL 

TETON 

1 

15 


33<J 

3 

47.74N 

112. 08W 

MONTANA 

NORTH CENTRAL 

TETON 

1 

16 


339 

4 

47*84N 

ni.83W 

MONTANA 

NORTH rpNTRAL 

TETON 

1 

17 

POft 

3^0 

1 

47.33N 

111.37W 

MONTANA 

centwal 

CASCADE 

1 

10 


3^0 

2 

47.23N 

iri.62W 

MONTANA 

central 

CASCADE ‘ 

1 

19 

?0f. 

340 

3 

47.40N 

111.77W 

MONTANA 

CtNiKAL 

CASCADE 

1 

20 


340 

4 

47,50N 

lll.SPw 

MONTANA 

CENTRAL 

CASCADE 

1 

21 

/>0fs 

341 

1 

46.99N 

111.06W 

MONTANA 

CENTRAL 

MEAGHER 

1 

22 


341 

? 

46,89M 

111.31W 

^MONTANA 

CENTRAL 

MEAGHER 

1 

23 

P0^ 

341 

3 

47,06N 

111.46 m; 

MONTANA 

CENTRAL 

CASCADE 

1 

24 

?n^s 

341 

4 

47*16N 

111.21W 

MONTANA 

' CENTRAL 

CASCADE 

1 

25 

<>0f> 

34? 

1 

46*65N 

11 0.77V? 

MONTANA 

CENTRAL 

MEAGHER 

1 

26 


342 

2 

46.55N 

lll.OlW 

MONTANA 

CENTRAL 

MEAGHER 

1 

27 

r*06 

34? 

3 

46.72N 

111.16W 

MONTANA 

CENTRAL 

MEAGHER 

1 

28 


34? 

4 

46.82*vi 

no'.9lw 

MONTANA 

CENTRAL 

MEAGHER 

1 

29 


343 

1 

46*31N 

1 1 0.A7W 

MONTANA 

CENTRAL 

MEAGHER 

1 

30 


343 

a 

46.21N 

1 1 0.7?4 

MONTANA 

CENTRAL 

MEAGHER 

1 

31 

?t’h 

343 

3 

46.3«m 

1 10.87'- 

MONTANA 

CENTRAL 

MEAGHER 

1 

3? 


343 

4 

46.48N 

1 lO.ftPvJ 

MONTANA 

CENTRAL 

MEAGHER 

1 

33 


344 

1 

45.97M 

UO.lB’Jij 

MONTANA 

SOUTH CENTRAL 

SWEET GRASS 

1 

34 

?ne 

344 

2 

4S.87M 

110.434 

MONTANA 

SOUTH CENTRAL 

PARK 

1 

35 

?06 

344 

3 

46«04N 

110.574 

MONTANA 

' SOUTH CENTRAL 

PARK 

1 

36 

?fU. 

344 

4 

46.14N 

110. 33W 

MONTANA 

SOUTH CENTRAL 

PARK 

1 

^7 

?nft 

345 

1 

45.63N 

109.90'^ 

MONTANA 

SOUTH CENTRAL 

SWEET GRASS 

1 

38 


345 

2 

45.53N 

110.154 

MONTANA 

SOUTH CENTRAL 

SWEET GRASS 

1 

39 

?0/- 

345 

3 

45.70N 

110. 29W 

MONTANA 

SOUTH CENTRAL 

PARK 

1 

40 

P06 

345 

4 

45.80N 

1 10.04W 

MONTANA 

SOUTH CENTRAL 

SWEET GRASS 

1 

41 

?f>6 

346 

1 

45.29N 

i 09.624 

MON TAnA 

SOUTH CENTRAL* 

STILLWATER 

1 

42 


34b 

3 

45*36N 

110.014 

MONTANA 

SOUTH CENTRAL 

SWEET GRASS 

1 

43 

V(16 

346 

4 

45.46N 

109. 76W 

MONTANA 

SOUTH CENTRAL 

STILLWATER 

1 

44 

P07 

336 

1 

48*90N ‘ 

U2.12V 

MONT ana 

NORTH CENTRAL 

TOOLE 

1 

45 

^0 7 

336 

2 

48.80N 

112.384 

MONTANA 

NORTH CENTRAL 

GLACIER 

1 

46 

?i\7 

336 

3 

48*97N 

112. 54W 

MONTANA 

NORTH CENTRAL 

GLACIER 

1 

47 

?f\l 

337 

1 

48,S6N 

111.804 

MONTANA 

north CENTRAL 

TOOLE 

1 

48 

P07 

337 

2 

4P.46N 

ll?.05i>, 

MONTANA 

NORTH CENTRAL 

TOOLE 

1 

49 

^i)7 

337 

3 

48,63N 

112. 21W 

MONTANA 

NORTH CENTRAL 

GLACIER 

1 

50 


OEIGINAl:-. f’AGB IS ^OOB 


A-I-1 



t 

J 

K 

>hAT 

bON 

STATF 

CROP REP. OlbT. 

COUNTY 

SOIL 

CLASS 

SFQUENTlAl 

NO. 

207 

337 

4 

48,73N 

lU.96i 

MONTANA 

NORTH- CENTRAL 

TOOLE 

1 

51 

?07 

338 

1 

48*?2N 

m*4«w 

MONTANA 

NORTH CENTRAL 

TOOLE 

1 

52 

207 

338 

2 

48.12N 

lU.74f 

MONTANA 

NORTH CENTRAL 

PONDERA 

1 

S3- 

207 

33ft 

3 

4ft,?9N 

HUB9W 

NGN TANA 

NORTH central 

Pondera 

\ 

54 

207 

336 

4 

4fl.39M 

ni.64u. 

MONTANA 

NORTH CENTRAL 

TOOLE 

1 

ftS 

207 

339 

1 

47.86N 

JU.17^ 

MONTANA 

NORTH CENTRAL 

CHOUTEAU 

I 

56 

?07 

339 

2 

47.78N 

1U.42W 

MONTANA 

NORTH CENTRAL 

TFTON 

1 

ft7 

207 

339 

3 

47*95N 


MONTANA 

north central 

II: TON 

1 

ftp 

207 

339 

4 

48.05N 

1U.3PW 

MON i ANA 

NORTH CENTRAL 

CHOUTEAU 

1 

59 

207 

340 

i 

47.ft4^^ 


MONTANA 

north central 

CHOUTEAU 

i 

60 

207 

340 

2 

47.44N 

1U.12W 

MONTANA 

CENTRAL 

CASCADE 

X 

61 

207 

340 

3 

47.6IN 


MONTANA 

CENTRAL 

CASCADE 

1 

62 

?07 

340 

4 

47«71W 

in.ou^ 

MONTANA 

NORTH central 

CHOUTEAU 

1 

63 

207 

34t 

1 

47.20H 

IlO.ftftw 

MONTANA 

CENTRAL 

UUDITH BASIN 

1 

Hi* 

207 

341 

2 

47*09ly 

1 lO.ftlMi 

MONTANA 

CENTRAL 

CASCADE 

] 

65 

?07 

341 

3 

47.26^? 

no.9^.w 

MONTANA 

CENTRAL 

CASCADE 

1 

HH 

?07 

341 

4 

47*37M 

110.7U 

MONTANA 

CENTRAL 

CASCADE 

1 

HI 

207 

34? 

1 

46.ftftN 

nu.27w 

MONTANA 

CENTRAL 

JRUITH RASIN 

1 

Hf^ 

?«7 

342 

2 

46,7ftN 


MC/N r ANA 

CENTRAL 

MFAGHER 

1 

69 

207 

34? 

3 

46.<)2N 

1 1 0.66W 

NON 1 ANA 

C('NTPAL 

CASCADE 

1 

7ft 

207 

342 

4 

47*n?M 

110.4U 

NON 1 AMA 

CENTRAL 

JUDITH RASIN 

1 

n 

207 

343 

1 

46.ft)M 

a09.9ftl^ 

MON TANA 

CENTRAL 

WHEATLAND 

4 


207 

343 

2 

46*41N 

H0.23W 

MON TANA 

CENTRAL 

WHEATLAND 

1 

r3 

?07 

343 

3 

4h ♦ ftftN 

U0.37W 

MONTANA 

Central 

MF AOHEH 

1 

74 

207 

343 

4 



MONTANA 

central 

WHEATLAND 

1 

?ft 

207 

344 

1 

46^ 1 7N‘ 

I 09. 69m/ 

MONTANA 

SOltTH CENTRAL 

SWEET GRASS 

4 

76 

207 

344 

2 

46.07ft2 

109.94^^ 

MONTANA 

SOUTH central 

SWEEJ GRASS 

1 

77 

207 

344 

3 

46.24S] 

1 lO.OHw 

MONTANA 

central 

WHEATLAND 

I 

7ft 

207 

344 

4 

46*34N 

109. 83>? 

MONTANA 

CENTRAL 

WHEATLAND 

1 

7R 

207 

34S 

1 

45.82N 

109. 41w 

mont an a 

SOUTH CENTRAL 

STILLWATER 

4 

ftO 

207 

345 

2 

45. 7 


MONTANA 

SOUTH CENTRAL 

SWEET GRASS 

i 

HI 

207 

34ft 

3 

4ft. 90N 

I 09.80/!/ 

MONTANA 

SOUTH CENTRAL 

Si/EET GRASS 

1 

ft? 

207 

34ft 

4 

45*99M ' 

109.5ftt^ 

MONTANA 

SOUTH CENTRAL 

SWEET GRASS 

4 

R3 

207 

346 

1 

4^*4ftN 

1 09. 14W 

MONT ANA 

SOUTH central 

CARBON 

4 

84 

?0? 

34^ 

2 

4ft. 38M 

109.3ftv; 

MONTANA 

SOUTH CENTRAL 

carbon 

1 

HS 

207 

346 

3 

45 * 56N 

109. 5?W 

MONTANA 

SOUTH CENTRAL 

STILLWATER 

1 

86 

2f>7 

346 

4 

4ft. 6ft M 

109. 27w 

MONTANA 

SOUTH CENTRAL 

STILLWATER 

1 

87 

207 

347 

1 

4ft. UN- 

108. 87W 

MONTANA 

SOUTH CENTRAL 

CARBON 

1 

ft8 

207 

34 7 

2 

Aft . 04N 

109.11W' 

MONTANA 

SOUTH central 

CARSON 

I 

89 

207 

347 

3 

4ft.21N 

109. 24v, 

MONTANA 

SOUTH CENTRAL 

CARBON 

1 

90 

207 

347 

4 

4ft. 31N 

109. OOi^ 

MONTANA 

SOUTH CENTRAL 

CARBON 

I 

91 

20H 

137 

1 

46.77N 


MONTANA 

NORTH CENTRAL 

TOOLE 

1 

92 

20ft 

.137 

2 

48.67'^ 

in.54w 

MONTANA 

NORTH central 

TOOLE 

1 . 

93 

20H 

337 

3 

48.ft4N 

1U.70W 

MONTANA 

NORTH CENTRAL 

TOOLE 

1 

94 

20ft 

337 

4 

4ft.9ftM 

1 U.44W 

MONTANA 

NORTH CENTRAL 

TOOLE 

1 

95 

20ft 

33ft 

1 

4ft. 43N 

1 10.96W 

MONTANA 

NORTH CENTRAL 

LIBERTY 

1 

96 

20ft 

338 

2 

4ft.33-M 

ni.2?w 

MONTANA 

NORTH CENTRAL 

LIBERTY 

1 

97 

208 

33ft 

3 

4ft.ftON 


MONTANA 

NORTH CENTRAL 

TOOLE 

1 

9ft 

208 

338 

4 

4«*60N 

ni.uw 

MONTANA 

NORTH CENTRAL 

LIBERTY 

1 

99 

208 

339 

1 

4ft. 09N 

1 10.66W 

MONTANA 

north central 

CHOUTEAU 

1 

IQO 


A-I-2 



1 

J 

K 

LAT 

LON 

state 

CROP REP. OIST. . 

COUNTY 

SOIL 

CLASS 

SEQUENTIAL 

NO. 

208 

334 

2 

47.98N 

no.9iw 

MONTANA 

NORTH CENTRAL 

CHOUTEAU 

1 

101 

?08 

334 

3 

48.15N 

111.07W 

MONT'ANA 

NORTH CENTRAL 

LIBERTY 

1 

102 

208 

339 

4 

48*28N 

iro.eiw 

MONTANA 

NORTH CENTRAL 

LIBERTY 

1 

103 

20B 

340 

1 

47.74N 

110.35W 

MONTANA 

NORTH CENTRAL 

CHOUTEAU 

1 

104 

208 

340 

2 

47.84N 

U0.61W 

MONTANA 

NORTH CENTRAL 

CHOUTEAU 

1 

105 

208 

340 

3 

47. BIN 

110.76W 

MONTANA 

NORTH CENTRAL 

CHOUTEAU 

1 

106 

?0H 

340 

4 

47.91N 

no. SOW 

MONTANA 

NORTH CENTRAL 

CHOUTEAU 

1 

107 

?0B 

341 

1 

47.40N 

110.08W 

MONTANA 

CENTRAL 

FERGUS 

4 

108 

208 

341 

2 

47.30IJ 

110. 31W 

MONTANA 

CENTRAL 

JUDITH BASIN 

1 

109 

?08 

341 

3 

47.47M 

110.46W 

MONTANA 

NORTH CENTRAL 

CHOUTEAU 

1 

110 

208 

341 

4 

47.S7N 

11.0.20W 

MONTANA 

NORTH CENTRAL 

CHOUTEAU 

1 

111 

208 

34? 

1 

47.0SN 

109. 76W 

MONTANA 

CENTRAL 

FERGUS 

1 

112 

208 

34? 

2 

48.98N 

110 . o?w 

MONTANA 

CENTRAL 

JUDITH BASIN 

1 

113 

208 

34? 

3 

47.12N 

110.18W 

MONTANA 

CENTRAL 

JUDITH BASIN 

1 

114 

208 

34? 

4 

47.22M 

109, 91W 

MONTANA 

CENTRAL 

JUDITH BASIN 

1 

115 

208 

343 

1 

46.71N 

1 09,4BW 

MONTANA 

CENTRAL 

FFRGUS 

1 

118 

208 

343 

2 

48.61N 

109. 73W 

MONTANA 

CENTRAL 

WHEATLAND 

1 

117 

208 

343 

3 

48.78M 

109, 87W 

MONTANA 

CENTRAL 

JUDITH BASIN 

1 

1 18 

208 

343' 

4 

48, 8BN 

109. 62W 

MONTANA 

central 

FERGUS 

1 

119 

208 

344 

1 

46,36N 

109. 19W 

MONTANA 

CENTRAL 

GOLDEN VALLEY 

4 

120 

208 

344 

2 

48.28N 

in9.44W 

MONTANA 

CENTRAL 

GOLDEN valley 

4 

121 

208 

344 

3 

48.44N 

109. SBw 

MONTANA 

CENTRAL 

WHEATLAND 

4 

122 

208 

344 

4 

48,S3N 

109. 33W 

MONTANA 

central 

GOLDEN valley 

4 

123 

208 

34^ 

1 

48,n?N 

10H.92W 

MONTANA 

SOUTH CENTRAL 

YELLOWSTONE 

4 

124 

?UB 

34^^ 

2 

43.92M 

109.16V> 

MONTANA 

SOUTH CENTRAL 

STILLWATER 

4 

125 

208 

348 

3 

48,09iv| 

109, 30W 

MONTANA 

SOUTH CENTRAL 

STILLWATFR 

4 

126 

208 

34«; 

4 

48, 19N 

109, 05W 

MONTANA 

CENTRAL 

GOLDEN valley 

4 

1'27 

208 

-348 

1 

4*;,67N 

108. 64W 

MONTANA 

SOUTH CENTRAL 

YELLOWSTONE 

1 

12B 

208 

348 

2 

4S.SBN 

1 0ft.89W 

MONTANA 

SOUTH CENTRAL 

CARBON 

1 

129 

208 

348 

3 

45.78M 

109. 03W 

MONTANA 

SOUTH CENTRAL 

STILLWATER 

4 

130 

208 

348 

4 

4S.84N 

lOB. 7«‘s 

MONTANA 

SOUTH CENTRAL 

YELLOWSTONE 

4 

i3i 

208 

347 

1 

4?.3?w 

108,38n« 

MONTANA 

SOUTH CENTRAL 

BIG HORN 

1 

132 

208 

347 

2 

48,?3N 

10fi.8?w 

MONTANA 

SOUTH central 

BIG HORN 

1 

133 

208 

347 

3 

45, 40W 

ioa.76y 

MONTANA' 

SOUTH CENTRAL 

CARBON 

1 

134 

208 

347 

4 

45 , 50N 

1 0 8 , 5 1 W 

MONTANA 

SOUTH CENTRAL 

YELLOWSTONE 

1 

135 

208 

348 

3 

4"^.08N 

108. 49W 

MONTANA 

SOUTH CENTRAL 

CARBON 

1 

136 

208 

348 

4 

45.1SN 

10R,?4W 

MONTANA 

SOUTH CENTRAL 

CARBON 

1 

137 

200 

337 

1 

4fl,9HN 

1 10.75W 

MONTANA 

NORTH CENTRAL 

HILL 

1 

138 

20Q 

337 

2 

48. 8*^M 

1 1 1 ,o?w 

MONTANA 

NORTH CENTRAL 

LIBERTY 

1 

139 

?0<4 

338 

1 

48,81|N 

11 0,44'^ 

MONTANA 

NORTH CENTRAL 

HILL 

1 

140 

P0<4 

338 

2 

4K,53r\J 

1 10,7m'' 

MONTANA 

NORTH central 

HILL 

1 

l4l 

204 

338 

3 

48,7 iM 

1 1 (1 .H8iv 

MONTANA 

NORTH CENTRAL 

LIBERTY 

1 

142 

204 

338 

4 

48. HIM 

n o, 80 w 

MONTANA 

NORTH CENTRAL 

HILL 

1 

143 

204 

339 

1 

48.29M 

1 1 0 , 1 4 V 

MONTANA 

NORTH CENTRAL 

CHOUTEAU 

1- 

144 

204 

339 

2 

48, 19M 

110,40'': 

MONTANA 

NORTH CENTRAL 

ChOUTFAU 

1 

145 

>f\o 

339 

3 

48, 38m 

1 1 O.BS'*' 

MONT ANA 

NORTH CENTRAL 

HILL 

1 

146 

2 04 

339 

4 

48,4hM 

‘ 1 1 0.291V 

MONTANA 

NORTH CENTRAL 

HILL 

1 

147 

204 

340 

1 

47,Q4M 

1 09.84 V 

MONTANA 

NORTH CENTRAL 

CHOUTEAU 

1 

14B 

204 

340 

2 

47,84M 

110.1 0<*' 

MONTANA 

NORTH CENTRAL 

CHOUTEAU 

1 

149 

204 

340 

3 

4B,niM 

n 0,?*^'^ 

MONTANA 

NORTH CENTRAL 

CHOUTEAU 

1 

ISO 


A-I-3 



T 

J 

K 

LIfiT 

LON 

20Q 

340 

4 

48. 1 l^f 

1 09.99W 


341 

1 

47.*%9W 

109. S4W 

209 

341 

2 

*47. SON 

109.80rf 

?09 

341 

3 

47.67N 

109. 95W 

209 

341 

4 

47.7VM 

109. 69v^ 

?09 

342 

1 

47.?Sn 

1 OQ.PHk 

?09 

34? 

2 

47.1SW 

109. SI. 

209 

34? 

3 

47.3?“ 

1 09.6SW 

209 

34? 

4 

47.4?W 

1 09.4 0.< 

209 

343 

1 

46 *9 ON 

1 08.97\i 

209 

343 

2 

46. 8 ON 

1 n9.2?N 

209 

3^3 

3 

46.9 

109.37VJ 

?09 

343 

4 

47.0^M 

1 09.1 1-/ 

209 

344 

1 

46 * ShN 

1 08 . 69a 

209 

344 

2 

46.46N 

in«.Q4w 

?09 

34^ 

3 

4^.6 3^‘ 

1 09,08^ 

?09 

U4 

4 

4h. 7 

1 08,H3i-f 

2 09 

34!? 

1 

4h , 2 IW 

t nH.4?u 

209 

349 

? 

46. 1 IM 

10B.67N 

20 9 

34*^ 

3 

, 2«fJ 

1 OH.rtOw 

209 

34S 

4 

46.3HM 

10B.S5W 

2»9 

346 

1 

49. AAu 

108.1S-J 

209 

346 

? 

46.7hM 

loa.AOv'i 

209 

346 

3 ‘ 


100.53W 

209 

346 

4 

46.0 3"' 

1 Oft.pBw 

209 

347 

1 

45.S'lN 

1 n7.8Bv> 

209 

347 

2 

4S.42N 

108. 13W 

209 

347 

3 

4S.'?9M 

108. 26W 

209 

347 

4 

4B.68M 

inp.oiw 

209 

34A 

1 

4S.16N 

1 07.62W 

209 

34P 

^ 2 

4S.07M 

107. R79 

209 

340 

3 

4S.24M 

10 ft. oow 

209 

34 0 

4 

4S. 14^. 

107. 75w 

210 

33B 

*1 

48.H4^i 

109. 9?w 

210 

338 

2 

4H . 74»^r 

110.18V; 

21 0 

33« 

3 

4H.91M 

110.33V/ 

?10 

33B' 

4 

49. 01 N 

110.07W 

?!0 

339 

1 

48 . a9N 

109. 61W 

210 

339 

2 

42.39m 

1 09.«ftiAf 

210 

339 

3 

4 8 , H 6 M 

1 1 0 . n 3W 

210 

339 

4 


1 09.76W 

210 

340 

1 

4H. 1 4<'j 

rng.3?w 

210 

340 

2 

48.0xfN 

109.SHtv 

210 

340 

3 

48.21m 

1 09.73W 

210 

340 

4 

48.31M 

1 09.46W 

210 

341 

i 

47.7 JN 

109. 03W 

210 

341 

2 

47.69M 

1 09.29W 

210 

341 

3 

47.87M 

109.43'vf 

210 

341. 

4 

47.9km 

109.17-J 

210 

34? 

1 

47 • 44N 

108.74'C 


STATF 

CROP REP 

. OIST. 

MONTANA 

north central 

MONTANA 

CENTRAL 

MONTANA 

CENTRAL 

MONTANA 

NOKTH 

CENTRAL 

MONTANA 

NOlUH 

CENTRAL 

MONTANA 

CENTRAL 

MONTANA 

CENTRAL 

"MONl ANA- 

CENTRAL 

MONTANA 

CENTRAL 

MONTANA 

central 

MONT ANA 

Ct'NTRAL 

MONl ANA 

central 

MONTANA 

central 

MONTANA 

central 

MONl ANA 

central 

MONTANA 

CENTRAL 

MON T ana 

CtNTRAL 

MONTANA 

SOUTH 

central 

MONTANA 

SOUTH 

central 

MOfJl ANA 

CENTRAL 

MONTANA 

central 

MONTANA 

SOUTH 

CENTRAL 

MONTANA 

SOUTH 

CtNTRAL 

MONTANA 

SOUTH 

CENTRAL 

MONTANA 

SOUTH 

CENTRAL 

MONTANA 

SOUTH 

CtNTRAL 

MONTANA 

south 

CFNTRAL 

MONTANA 

SOUTH 

CENTRAL 

MONTANA 

SOUTH 

central 

MONTANA 

SOUTH 

CENTRAL 

MONTANA 

SOUTH 

CENTRAL 

MONTANA 

SOUTH 

CENTRAL 

MONT ANA 

SOUTH 

CENTRAL 

MONTANA 

north 

CENTRAL 

MONl A^4A♦ 

north 

CENTRAL 

MONTANA 

NORTH 

central 

MONTANA 

north 

CENTRAL 

MONTANA 

north 

CENTRAL 

MONTANA 

north 

CENTRAL 

MONTANA 

NORTH 

fENTKAL 

MONTANA 

north 

CENTRAL 

MONTANA 

north 

CENTRAL 

MONTANA 

north 

CENTRAL 

MONTANA 

north 

CENTRAL 

MONTANA 

north 

CENTRAL 

MONTANA 

CENTRAL 

'MONTANA 

CENTRAL 

MONTANA 

NORTH 

CENTRAL 

MONTANA 

NORTH 

CENTRAL 

MONTANA 

CtNTkAL 



SOIL 

5EUUENTIAL 

COUNTY 

CLASS 

NO. 

CHOUTEAU 

1 

151 

FERGUS 

4 

IS? 

FERGUS 

4 

153 

CHOUTEAU 

1 

154 

CHOUTEAU 

1 

155 ' 

FERGUS 

1 

156 

FERGUS 

1 

157 

FERGUS 

1 

ISR 

FERGUS 

1 

159 

FERGUS 

I 

160 

FERGUS > ' 

1 

161 

FE HGUS 

1 

16? 

FERGUS 

1 

163 

MUSSELSHELL 

4 

164 

GOLDEN V/ALLFY 

4 

165 

GOLDEN valley 

1 

166 

MUSSELSHELL 

1 

167 

YELLOWSTONE 


16H 

YLLLOwSTOMK 

4 

169 

MUSSELSHELL 

4 

170 

MUSSELSHELL 

4 

171 

YELLOWSTONE 

4 

17? 

YFLLOWSTONF 

1 

173 

YELLOWSTONF 

4 

174 

YELLOWSTONE 

4 

175 

BIG, HORN 

4 

176 

BIG HORN 

1 

177 

yfllowstone 

1 

178 ' 

BIG HORN 

4 

179 

BIG HORN 

1 

180 

BIG HORN 

1 

181 

BIG HORN 

1 

18? 

BIG HORN 

1 

103 

hill 

1 

1 R4 

HILL 

1 

185. 

HILL 

1 

186 

HILL ^ 

1 

187 

HILL 

1 

188 

HILL 

1 

189 

HILL 

1 

190 

HILL 

1 

191 

BLAINE 

1 

V9? 

CHOUTEAU 

1 

193 

HILL 

1 

194 

BLAINE 

1 

195 

FERGUS 

4 - 

196 

FERGUS . 

4 

197 

BLAINE 

1 

198 

BLAINE 

1 

199 

FERGUS ' 

4 

?00 


A-I-4 



I 

J 

K 

LflT 

LON 

STATE 

CROP REP. DIST. 

COUNTY 

SOIL 

CLASS 

SEQUENTIAL 

NO. 

?in 

342 

' 2 

47 • 3^N 

1 09.00W 

MONTANA 

CENTRAL 

FERGUS 

1 

201 

?10 

342 

3 

47,S?m 

109. 14W ' 

MONTANA 

central 

FERGUS 

4 

202 

210 

342 

4 

47.62M 

loa.eftw 

MONTANA 

CENTRAL 

FFR6US 

4 

203 

210, 

343 

1 

4 7.09^f 

108*46w 

MONTANA 

CENTRAL 

PETROLEUM 

4 

204 

?10 

343 

2 

47,.OOM 

108*72W 

MONTANA 

CENTRAL 

FERGUS 

1 

205 

210 

343 

3 

47,17M 

1 08* 86w 

MONTANA 

CENTRAL 

FERGUS 

1 

206 

210 

343 

4 

47.27M 

roe.eow 

MONTANA 

CENTRAL 

PETROLEUM 

4 

207 

210^ 

344 

1 

46*74M 


MONTANA 

CENTRAL 

MUSSELSHELL ‘ 

4 

208 

210 

344 

2 

46*6=IN 

10fl,44’W 

MONTANA 

CENTRAL 

MUSSELSHELL 

4 

^ 209 

210' 

344 

3 

46.a?N 

loe.sew 

MONTANA 

central 

PETROLEUM 

1 

210 

210 

344 

4 

46.92N 

108*32W 

MONTANA 

CENTRAL 

PETROLEUM 

4 

211 

210 

345 

1 

46.39N 

107*91w 

MONTANA 

SOUTH CENTRAL 

YELLOWSTONE 

4 

212 

210 

345 

2 

46,30N 

108. 17W 

MONTANA 

CENTRAL 

MUSSELSHELL 

4 

213 

2.10 

345 

3 

46*47W . 

108. 30W 

MONTANA 

CENTRAL 

MUSSELSHELL 

4 

214 

210 

345 

4 

46*57M 

108. 05W 

MONTANA 

CENTRAL 

MUSSELSHELL 

4 

215 

210 

346 

1 

46* 04M 

107. 65W 

MONTANA 

SOUTH CENTRAL 

BIG HORN 

1 

216 

210 

346 

? 

4S.95N 

107. 90W 

MONTANA 

SOUTH central 

YELLOWSTONE 

4 

217 

210 

346 

3 

46*1?N 

108. 03W 

MONTANA 

SOUTH central 

YELLOWSTONE 

4 

218 

210 

346 

4 

46*22N 

107. 78W 

MONTANA 

SOUTH CENTRAL 

YELLOWSTONE 

4 

219 

210 

347 

1 

4S.69N 

107. 38W 

MONTANA 

SOUTH CENTRAL 

8IG HORN 

4 

220 

210 

347 

2 

45*60N 

107.63‘»' 

MONTANA 

SOUTH central 

BIG HORN 

1 

221 

210 

347 

3 

45.7rtM 

107. 77W 

MONTANA 

SOUTH CENTRAL 

eiG HORN 

1 

222 

210 

347 

'4 

4‘^.R7M 

107. 51W 

MONTANA 

SOUTH .CENTRAL 

BIG HORN 

1 

223 

2.10 

34B 

1 

45.34N 

107. 13W 

MONTANA 

SOUTH -CENTRAL 

BIG HORN 

1 

224 

210 

34ft 

2 

45*?5N 

107.38V'/ 

MONTANA 

SOUTH CENTRAL 

BIG HORN 

1 

22S 

210 

34H 

3 

45*43N 

107. 50W 

MONTANA 

SOUTH CENTRAL 

BIG HORN 

1 

226 

210 

34ft 

4 

4S*S2N 

1 07 • 26W 

MONTANA 

SOUTH CENTRAL 

BIG HORN 

4 

227 

210 

34Q 

I 

44,99N 

106. B7W 

MONT ANA 

SOUTH CENTRAL 

BIG HORN 

4 

228 

?1 0 

34Q 

3 

45*0BN 

1 07.25W 

MONTANA 

SOUTH CENTRAL 

BIO HORN 

1 

229 

*210 

34^ 

4 

4S.17N 

107. OOw 

MONTANA 

SOUTH CENTRAL 

BIG HORN 

1 

230 

211 

33ft 

? 

4ft*94N 

1 09.6SW 

MONTANA 

NORTH CENTRAL 

HILL 

1 

231 

211 

339 

1 

4«,69M 

1 09.0 8/' 

MONTANA 

NORTH central 

HI. A INF 

1 

232 

21 1^ 

339 

2 

4B*S9M 

1 09.35W 

MONTANA 

NORTH central 

BLAINE 

1 

233 

211 

339 

3 

4ft, 76N 

109. 50w 

MONTANA 

NORTH CENTRAL 

hlainf. 

1 

234 

211 

33Q 

4 

4ft*ft6N 

I09.;53.m 

. ' MONTANA 

NORTH CENTRAL 

BLAINE 

1 

235 

211 

340 

1 

4ft, 33M 

108.7914 

MONTANA 

NORTH CENTRAL 

BLAINE 

1 

236 

211 

340 

2 


109. OS/' 

MONTANA 

NORTH central 

BLAINE 

1 

237 

211 

34 0 

3 

4ft. 41N 

109.20 4 

MONTANA 

NO»Tri CFNTRAL 

HLAINE 

1 

238 

211 

340 

4 

4H.S1M 

108.04-' 

MONTANA 

NORTH CENTRAL 

BLAINE 

1 

239 

211 

341 

1 

47*9ftts} 

1 Oft.StLJ 

MONTANA 

NORTH' CENTRAL 

PHILLIPS 

1 

240 

211 

341 

2* 

47,89N 

108.77.« 

MONTANA 

NORTH CENTRAL 

PHILLIPS 

4 

241 

211 

341 

3 

4B.06N 

IOH.91 

MONTANA 

NORTH CENTRAL 

BLAINE 

1 

242 

211 

34] 

4 

4ft. 1 6M 

1 08.65“ 

MONTANA 

NORTH CENTRAL 

BLAINE 

1 

243 

211 

342 

1 

47.63^^ 

1 0ft.2?^-j 

MONTANA 

NORTH CENTRAL 

PHILLIPS 

4 

244 

211 

342 

2 

47.54N 

1 Oft.Aft,*^ 

MONTANA 

CENTRAL 

FERGUS 

4 

245 

211 

34? 

3 

47.71M 

108.6?*' 

MONTANA 

NORTH CENTRAL 

PHILLIPS 

4 

246 

211 

342 

4 

47.R1N 

108.36. 

MONTANA 

NORTH central 

PHILLIPS 

1 

247 

211 

343 

1 

47*?ftN 

107*94 V 

MONTANA 

CENTRAL 

PETROLEUM* 

4 

248 

211 

343 

2 

47. ]9m 

108.20" 

MONTANA 

CENTRAL 

PETROLEUM 

4 

, 249 

211 

343 

3 

4 7.36iM 

1 0 ft . 4 *N' 

MONTANA 

CENTRAL 

PETROLEUM 

4 

250 
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I 

J 

K 

LnT 

LON 

?n 

343 

4 

47»^^M 

in«.OH‘» 

'21 1 

344 

1 

4^,9 

1 n?,.87^'i 

?\i 

344 

2 

48. hV 

1^^7.93‘J 

211 

344 

3 

47. OU. 

1 ilft.OftvJ 

211 

344 

4 

47. 10^' 

K7.81W 

21 1 

34^ 

1 

48.B8N . 

l''»7.40w 

211 

34B 

? 

46.4><^‘ 

1 ''7.68>f 

?n 

34*=^ 

3 

48*88M 

1^7. 79W 

211 

34B 

4 

46* 7«^\. 

^ ^*7 . B4W 

211 

34^ 

1 

46.2?M 

lft7. 14W 

211 

34h 

2 

•48.13M 

^*^7.39^ 

21 1 

34f> 

i 

4f^. ^ 1 

in7.S3vJ 

211 

34^ 

4 

48,^ ON 

1 07.?7W 

211 

347 

1 

4B*fl7^’ 

1 n^^ftftw 

211 

347 

2 

45. 7*-1n 

U07‘. 13w 

211 

347 

3 

4B*98N 

107.28W 

211 

347 

4 

48. 

m^.oiw 

.211 

34H 

1 

4 S . B 

1 n#,,63v( 

2.11 

34P 

2 

4S.43N 

1 0(i.88Vf 

211 

348 

3 

45.8XW 

1^37. Olw 

21 1 

348‘ 

4 

4B.70M 

1 08.7ftVi 

211 

34 9 

1 

4S* 1 7N 

108. 3B^ 

211 

349 

2 

4B,08M 

106.83V* 

211 

349 

3 


1 nft.78vJ 

211 

349 

4 

45.34N 

1 08.50W 

?n 


4 

44.99N 

106.28^V 

21? 


1 

48.88'J 

lOft.'BBvr 

21? 

J39 

2 

46.7HM 

1 nft.8?w 

21? 

339 

3 

4ft. 98N 

108.97W 

21? 

340 

1 

48.5 IN 

inft,?6i*r 

21? 

^40 

? 

48.4 

1 

21? 

340 

3 

48.81M 

10ft.67lv 

21? 

34(1 

4 

4ft. 7GM 

148.40W 

21? 

341 

1 

4ft. 1 7N 

107.989 

212 

341 

2 

48. 08M 

108. ?4M 

21? 

341 

3 

4H.2Sm 

1 08.38 - 

212 

341 

4 

4ft. 3BN 

1 Oft. 129 

21? 

34? 

1 

47'.ft?N 

r47.76^ 

212 

34? 

2 

47.72N 

1^7,969 

212 

34? 

3 

47.90N 

108. 1 OH 

?1? 

34? 

4 

47.99N 

1 07.R4H 

- 21? 

343 

1 

4'7.48w 

. 1 07.4?w 

21? 

343 

2 

47.37M 

1 07.6ft'« 

21? 

3*^3 

3 

47.5'^^' 

1 n7.a?t*J 

21? 

343 

4 

47.84N 

1 «7.569 

21? 

344 

1 

47.11N 


21? 

344 

2 

47.02N 

\ 07.419 

21? 

344 

3 

47.20N 


21? 

344 

4 

47.?®N 

107.?9i'( 

21? 

34‘5 

1 

48.78N 

108.899 


bTATt 

CROP RtH. UlST. 

MONTANA 

CfeNTRAL 

MONTANA 

NORTHEAST 

MONTANA 

central 

MONTANA 

CENTRAL 

MONTANA 

NORTmEASI 

MONTANA 

southeast 

M(JNT ANA 

S0(1TH central 

MONTANA 

SOUThKASr 

MONTANA 

SOUTHHASr 

MONTANA 

SOUTH CENTRAL 

MilNT ANA 

SOUTH ChiMFRAl 

MONTANA 

SOUTH Central 

MON 1 ana 

sourn central 

MONTANA 

^OUl hEASI 

mOH I ana 

SOUTH CLIJIOAL 

MONTANA 

SOUTH central 

MOM ANA 

SOUTH CENTRAL 

MON 1 ANA 

SOUTH!- aSI 

Mf)(viTANA 

SOUTH CENTRAL 

MONTANA 

SOUTH TENTraL 

MONTANA 

SOUTHf- AST 

MONTANA 

SOUTH CtNTRAL 

MONTANA 

SOUTH central 

MONTANA 

SOUTHEASI 

MONTANA 

SOUTHEAST 

MONTANA 

SOUTHEAST 

MONTANA 

north CFnThAL 

MONTANA 

north central 

MONTANA 

north central 

MONT ANA 

north rE;NTHAL 

MONTANA 

north central 

MONTANA 

'NORTH CENIrAL 

MONTANA 

north central 

MONTANA 

^^ORTri central 

MONTANA 

north central 

MONTANA 

north central 

MONTANA 

north central 

MONTANA 

north central 

MONTANA 

north central 

MONTANA 

north central 

MONTANA 

north CEINIRAL 

MONTANA 

NORTHEAS r 

MONTANA 

NORTHEAST 

MONTANA 

NORTHEAST 

MONTANA 

northeast 

MONTANA 

northeast 

mont ana 

northeast 

MONTANA 

northeast 

MONTANA 

NORTHEAST 

MONTANA 

SOUTHEASf 


COUNTY 

SOIL 

CLASS 

SEQUENTIAL 

NO. 

petroleum 

4 

251 

GARFIELD 

4 

2S2 

PETROLEUM 

4 

25*3 

PETROLEUM 

4 

254 

GARFIELD 

4 

255 

ROSEBUD * 

4 

256 

TREASURE 

4 

257- 

ROSEBUD 

4 

25B 

ROSEBUD 

4 

259 

TREASURE 

1 

2G0 

TREASURE 

1 

281 

TREASURE 

4 

26? 

TREASURE 

4 

283 

ROSEBUD 

4 

284 

HIG HORN 

4 

265 

HIG H09M 

4 

268 

TREASURE 

4 

287 

ROSEBUD 

4 

26H 

HIG HORN 

4 

289 

HUi HORN . 

4 

270 

ROSEBUD 

4 

271 

BIG HORN 

4 

27? 

BIG HORN 

4 

?73 

ROSEBUD 

4 

?74 

ROSEBUD ' 

4 

P75 

powder river 

4 

?76 

BLAINL 

1 

277 

BLAINE 

1 

?78 

BLAINE 

1 

?79 

PHILLIPS 

1 

2H0. 

BLAINE 

1 

?ftl 

BLAINE 

1 

?H? 

BLAINE 

I 

2B3 

PHILLIPS 

1 

2H4 

PHILLIPS 

1 

286 

PHILLIPS 

1 

?B8 

PHILLIPS 

1 

287 

PHILLIPS 

1 

28ft 

PHILLIPS 

1 

2H9 

PHILLIPS 

1 

290 

PHILLIPS 

1 

?9l 

GARFIELD 

4 

292 

GARFIELD 

4 

293 

GARFIELD 

4 

294 

GARFIELD 

4 

?95 

GARFIELD 

4 

?48- 

GARP lELD 

4 

297 

GARFIELD 

4 

29« 

GARFIELD 

4 

?<j9 

rosebud 

4 

30t) 
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I 

U 

K 

LAT 

LON 

ftTATE. 

CROP REP. GIST. 

COUNTY 

SOIL 

CLASS 

SEQUENTIAL 

NO. 

?A? 

345 

2 

46*ft7N 

107.159 

MONTANA 

SOUTHEAST 

ROSEBUD 

4 

301 

21? 

345 

3 

46 « 

107. 2?W 

MONTANA 

SOUTHEAST 

ROSEBUD 

4 

30? 

212 

345 

4 

46.93N 

107.0P9 

MONTANA 

NORTHEAST 

GARFIELD 

4 

303 

?12 

34ft 

1 

46.40M 

106.639 

MONTANA^ 

SOUTHEAST 

ROSEBUD 

4 

304 

?12 

34ft 

2 

46.31^» 

inft.R9w 

MONTANA 

SOUTHEAST 

ROSEBUD 

1 

305 

21? 

34ft 

3 

46*49M 

107. 02W 

MONTANA 

SOUTHEAST 

ROSEBUD 

4 

306 

?12 

34ft 

4 

46,5?N 

106. 76W 

MONTANA 

SOUTHEAST 

ROSEBUD 

4 

307 

21? 

347 

1 

46*05M 

10ft.37w 

MONTANA 

SOUTHEAST 

ROSEBUD 

4 

30ft 

212 

347 

2 


lOft.ftl*.; 

MONTANA 

SOUTHEAST 

ROSEBUD 

4 

309 

21? 

347 

3 

4ft. 14M 

1 0 6 * 7 ft 

MONTANA 

SOUTHEAST 

ROSEBUD 

4 

310 

212 

347 

4 

4ft. ?3M 

106.509 

MONTANA 

SOUTHEAST 

ROSEBUD 

1 

311 

21? 

34? 

1 

45.7 0»%' 

lOft.lPV 

MONTANA 

SOUTHEAST 

POWDER RIVER 

4 

31? 

21? 

348 

? 

4S.ftlN 

106.3?-^' 

MONTANA 

SOUTHEAST 

ROSEBUD 

. 4 

313 

21? 

34H 

3 

45.7HM 

10ft. 50W 

MONTANA 

SOUTHEAST 

ROSEBUD 

4 

314 

21? 

34? 

4 

45.?7N 

1 Oft.25W 

MONTANA 

SOUTHEAST 

rosebud 

4 

31S 

21? 

349 

1 

45 . 

1 05,??i4 

MONTANA 

SOUTHEAST 

POWDER RIVER 

4 

31ft 

21? 

349 

2 

45.21-M 

10ft. 1 I'V 

MONTANA 

SOUTHEAST 

POWDER RIVFR 

4 

317 

212 

349 . 

3 

45.43N 

1 Oft.?5u; 

MONTANA 

SOUTHEAST 

POWDER RIVER 

4 

31? 

21? 

349 

4 

45.52M 

1 Oft.OO'-/ 

MONl ANA 

SOUTHEAST 

POWDER RTVEP 

4 

319 

21? 

350 

3 

45. 0?N 

1 Oft.O liJ 

MONTANA 

SOUTHEAST 

POWDER RIVER 

4 

32 0 

21? 

350 

4 

45. 17N 

10S.7ftw 

MONl ANA 

SOUTHEAST 

POWDER RIVER 

4 

321 

213 

339 

? 

4H.97N 

10?.2?M 

MONTANA 

MONTH central 

BLAlNF 

1 

32? ' 

213 

340 

1 

48.71N 

107.72W 

MONTANA 

N09TH CENTRAL 

PHILLIPS 

1 

32 1 

213 

340 

2 

4?.h?N 

1 07 .9C?(„ 

MONTANA 

nohth central 

PHILLIPS 

1 

3?4 

213 

340 

3 

4‘^.?ON 

1 0M,14’- 

MONTANA 

north central 

PHILLIPS 

1 

325 

213 

340 

4 

4H .«9N 

107. ?7w 

MONTANA 

no^^th central 

PHILLIPS 

1 

32ft 

213 

341 

1 

4 A. 3ft M 

107.44./ 

MONTANA 

NORTH CENTRAL 

PHILLIPS 

1 

3?7 

213 

341 

2 

4ft. ?7N 


MONTANA 

NORTH CENTRAL 

PHILLIPS 

1 

32? 

213 

341 

3 

4fi.44N 

107. H5^ 

MONTANA 

NORTH central 

PHILLIPS 

1 

3?9 

213 

341 

4 

4R,5-f N 

107. 5?9 

MONTANA 

NORTH CENTRAL 

PHILLIPS 

1 

310. 

213 

34? 

1 

4?. OOM 

107. 17i* 

MONTANA 

NORTHEAST 

VALLEY 

4 

331 

213 

34? 

2 

47. 9 IN 

107. 43*1 

MONTANA 

NORTH central 

PHILLIPS 

1 

31? 

213 

34? 

3 

4?. O'-'N 

107. 57-. 

MONTANA 

north cfntral 

Phillips 

1 

333 

213 

342 

4 

4?. 1?N 

107.30 j 

MONTANA 

northeast 

valley 

1 

3 iAr 

213 

343 

1 

47.ft^N 

10ft. 90 

MONTANA 

northkast 

GARFIELD 

4 

335 

213 

343 

2 

47.5ftw 

107. iK- 

MONTANA 

NORTHEAST 

GARFIELD 


33ft 

213 

343 

3 

47.73M 

107.30-J 

MONTANA 

NORTHEASI 

VALLEY 

4 

3*i7 

213 

343 

4 

47.APN 

1 07.03' 

MONTANA 

NORl hEAST 

VALLEY 

4 

33? 

213 

344 

1 

47.29N 

I0ft.63i/ 

MONTANA 

NORTHEAST 

GARFIELD 

4 

339 

213 

344 

2 

47.20M 

10ft. 

■ MONl ANA 

NORTHEAST 

GARFIELD 

4 

340 

213 

34 4 

3 

47.3HJV 

1 07.03./ 

MONTANA 

^40RTHFAST 

OARFIELO 

4 

341 

213 

344 


47.47N 

nft.7ft- 

MONTANA 

NORTHEAST 

Garfield 

4 

34? 

213 

345 

1 

4^.93N 

1 Oft. 3 7'* 

MONl ANA 

NORTHEAST 

GARFIFLD 

4 

343 

213 

34? 

? 

4ft, 55N 

I0n.ft3u. 

MONTANA 

SOUTHFAbT 

ROSEBUD 

4 

344 

213 

345 

3 

47.02M 

1 Oft . 7 ft»* 

MONTANA 

NOKTHF ASl 

bARFIELD 

4 

345 

213 

345 

4 

47.11m 

lOft .5fh.‘ 

MONl ANA 

nOHThEASI 

garfifld 

4 

346 

213 

34^ 

1 

4ft • 5ftN 

10ft. 1 1 -J 

MONl ANA 

SOUTfiKASl 

CUSTER 

4 

347 

213 

34ft 

? 

46.49N 

1 Oft. 37v‘ 

MONTANA 

SOUTHEAST 

ROSEBUD 

4 

3«tft 

213 

34ft 

3 

4ft,ft7N 

10ft, 50W 

MONTANA 

southeast 

ROSEBUD 

4 

349 

213 

34ft 

4 

4ft.7ftN‘ 

10n,?4.' 

MONTANA 

SnUTHEASl 

ROSEBUD 

4 

350 
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T 

J 

K 

x^r 

L^^l 

?13 

347 

1 

4h,??N 

1 

?13 

347 

? 

4b • 1 4N 

1 1? « 

?13 

347 

3 

4b.3lM 

I06.?o-f 

?13 

347 

4 

4^1 .40M * 

l0'^.49'^ 

?13 

34H 

1 

4'^ ♦87^| 

Itio.b? • . 

^13 

34H 


4^•7«^' 

Vnc;,87i. 

P13 

34^ 

3 


1 f)8.gg* 

?13 

34h 

4 

4b .n4M' 

1 Ob 4-7 4^ 

^13 

34S 

1 

4 5 4 i M 

ino*37‘/i 

?13 

340 

a 

4^.43M 

1 

?13 

340 

3 

45*60M 


;>13 

34 0 

4 

4S.69N 

1 OO .40-J 

^13 

3<3 0 

1 

45*1^^ 

inb.i 3'f 

^13 

3h0 

2 

44 « (j7N* 

1 t'^*39W 

?13 

3e>n 

3 

4S4?4M 

lO^.bl 

?13 

3*^C 

4 

AS.'^BN 

1 OS* Pbw 

yi3 


1 

4 3,3«N5 

1 . no 

/13 


1 

43.f)3N . 

. Ib3,70y. 

?13 

3S4 

4 

43*?1N 

1 03.00, 


34 (. 

1 

4fi .90M 

lO/.jHW 

?14 

340 

? 

4H.flllV! 

107. 4S". 


34n 

3 

4H*9Ql'i 

1 rw 4 bo V 

?14 

341 

1 

4M.44N 

1 Ob.govj 

PIA 

341 

? 

4P .44n 

107.17VJ 

?14 

341 

J 

4 8 4 4 3 M 

107.31r/* 

?14 

341 

4 

4rl .7?M 

1 07.04.^ 

:>14 

34P 

1 

48 . 1 «M 

1 Ob 4 63*'< 

A 

34? 

2 

4H 4 P>9*m 

.1 Ob .901/ 

P\A 

34? 

i 

4H.?7N 

IO 7 .O 0 

?14 

34? 

4 

4H * 

0 06.77^' 

?14 

343 

1 

47 .83W 

1 Ob .37vr 

>»14 

343 

? 

47 4 74N 

1 ^ 6463 ^ 

?14 

343 

3 

4 7 4 9 

1 06.77’'' 


343 

4 

4P•00^^ 

' 1 0^.60.',' 

?14 

34 4 

1 

47 4 47^« 

10b *10^ 

?14 

344 

2 

47.38m 

1 OS .37 J 

?14 

344 

ji 

4 T 4 bM 

1 Ob ..SO 'If 

/^14 

344 

4 

4 7 4 

‘1 Ob 4 23 W 

P \ 4 

34S 

1 

47.UM 

10 S 4 HS-. 

?14 

34*=i 

2 

47. 0?N 

. 106.11 

?14 

34S 

3 

47.?0w 

106.24V/ 

?1 4 

34=S 

4' 

47.?0M 

1 OS .97 »• 

?14 

34^ 

i 

4b.7SN 

1 OS.S^vi 

?14 

34b 

? 

46 4 67^’ 

1 OS.BSa; 

?14 

344 

3 

4^4 84^1 

1 os . Qpvf 

?14 

34 4 

4 

46*^3^’ 

* 1^8, 72^^ 

4 

347 

1 

46. 

1 os.SSi' 

?14 “ 

347 

2 

4 b 4 3 1 

1 OS. 60 V 

?14 

347 

1 

46 4 4‘5M 

1 08.73-/ 

PI 4 

347 

4 

464?7M 

1 OS.A?'^' 


STAtf 

CkOP plp. OIST- 

MONTANA 

SOUlHF AST 

MONTANA 

SOUTmKAST 

MONTANA 

SOUThf AST 

MONTA^fA 

SOUThF AST 

MONTANA 

SOUTHEAST 

M(JNT‘AMA 

SOUTHF,ASr 

MONTANA 

SOUTHfAST 

MONTANA 

SOUTHF.AST 

MONTANA 

SnUlHF ASI 

r MOnT ana 

soul HP AST 

MONTANA 

SOUlHtAST 

MONTANA 

SOUfutASI 

MOnT AnA> 

SOU! HE AST 

mom ana 

SOUIHPAST 

MONTANA 

soothfast 

MONTANA 

southeast 

south DAKOTA 

sOUThwhSl 

SnUFh DAKOTA 

sOUT^^wTiSr 

SOUTH OAKOfA 

SOUTHivFST 

MONTANA 

.^^OkTH^:AST 

MONTANA 

MOHTH CFNTkAL 

MONTANA 

NOKTH (,FnThAL 

MONT ANA 

NOm HtAST 

MONTANA 

NOPTwFAST 

MONTANA 

NOkTH ointhal 

MONTANA 

MOkThE:AST 

MONTANA 

wOHTHtAST 

MONTANA 

"-OKli-ip'AS r 

MONTANA 

NOH THEAST 

MONTANA 

r.ORTbt AS] 

/MONTANA 

MOH THEAST 

MONTANA 

mohtheast 

MONTANA 

noptheast 

MONTANA 

NOkTHhAST 

MONTANA' 

NORTHEAbT 

MONTANA 

NOHThEAST 

MONTANA 

noktheast 

MONTANA 

nohiheast 

MONTANA, 

'SOUTHEAST 

MONTANA 

SOUTHEAST 

MONTANA 

OOkTHEAST 

MONTANA 

NORTHEAST 

MONTANA 

SOUTHEAST 

MONTANA 

SOUTHEAST 

MONTANA 

southeast 

MONTANA 

SOUTHEAST 

MONTANA 

SOUTHEAST 

MONTANA 

SOUTHEAST 

MONTANA 

southeast 

MONTANA 

southeast 



SOIL 

SEQUENTIAL 

county 

CLASS 

NO. 

CUSTEw 

4 

36 1 

CUSTER 

4 

3S? 

HnSFBUD 

1 

3S3 

CUSTER 

1 

3S4 

CUSTER 

4 

3S5 

POwOER RTVFK 

4 

3S6 

CUSTtR * 

4 

3S7 

Cl^STek 

4 

3SB 

POWDER RIVER 

4 

3SR 

PIJWDER RTVFk 

4 

.360 

ROWOEH^ RIVER 

4 

361 

POWDER RIVER 

4 

36? 

CARTFW 

4 

363 

POWDER RIVER/ 

4 

364 

POWDER RIVFR 

4 

36S 

POWDER RIVFR 

4 

366 

FALL RIVFP 

1 

3b7 

fall /PTV8R 

1 

366 

FALL RIVrR 

1 

369 

VALLEY 

1 

370 

PhILLIRS 

1 

371 

PHILLIPS ' 

1 

372 

VALLEY 

1 

373 

VALLEY 

1 

374 

'PHILLIPS 

1 

37S 

valLey ' 

1 

376 

V'ALLF Y 

1 

377 

VALLEY 

1 

37H 

VALLEY 

1 

379 

valley 

1 

3H0 

Garfield 

4 

3K1 

bARFIELO 

4 

3H2 

VALLEY 

4 

3H3 

valley 

h 

384 

MC CONE 

4 

3MB 

GARFIELD 

4 

3A6 

GARFIFLO 

4 

387 

MC CONF 

4 

38M 

PHAIPTF 

4 

369 . 

PRAlRie 

4 

390 

GARFIELD 

4 

391 

MC CONF 

4 

39 ? 

PRAlRie 

4 

393 

CUSTER 

4 

394 

CUSTER 

4 

395 

PRAlRIf 

4 

396 

CUSTER 

4 

397 

CUSTER 

4 

39H 

CUSTER 

1 

399 

CUSTER 

1 

40U 
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SOIL SCOUENTIAL 


I 

J 

K 

LAT 

LON 

STATE 

CROP REP. DIST. 

COUNTY' 

CLASS 

NO. 

?14 

348 

1 

46.04N 

105. IOh' 

MONTANA 

SOUTHEAST 

CUSTER 

4 

401 

?14 

34B 

2 

45.95M 

105.36v^ 

'MONTANA 

SOUTHEAST 

CUSTER 

4 

40? 

:»14 

348 

3 

46.13N 

inb.4Qw. 

MONTANA 

SOUTHEAST 

CUSTER 

4 

4 0*3 

?14 

348 

4- 

46.2U‘ 

105. ?2W 

MONTANA 

southeast 

CUSTER 

4 

404 

?14 

349 

1 

45,68M 

104.H6kJ 

MONTANA 

SOUTHEAST 

CARTER 

4 

405 

?14 

349 

2 

45.60N 

105.12W 

MONTANA 

SOUTHEAST 

POWDER RIVER 

4 

406 

?]4 

349 

3 

45.77N 

105.24V» 

MONTANA 

SOUTHEAST 

POWDER RIVER 

4 

407 

?14 

349 

4 

45-fl6N 

1 04.,9BW 

MONTANA 

SOUTHEAST 

CARTER 

4 

408 

?14 

350 

1 

45.32N 

1 04 * 63 w 

MONTANA 

SOUTHEAST 

CARTER 

4 

409 

?14 

350 

2 

AS.P'iW 

104,88^* 

.MONTANA 

SOUTHEAST 

CARTER 

4 

410 

214 

350 

3 

45.42N 

105. OOW 

r.ONT ANA 

SOUTHEAST 

CARTER 

4 

4U 

?14 

350 

4 

45 .SON 

104.75'J 

MONTANA 

SOUTHEAST 

CARTER 

4 

412 

214 

351 

3 

45.06m 

1 04 . 7<7W 

MONTANA 

SOUTHEAST 

CARTER 

4 

413 

214 

351 

4 

45.14M 

1 04.51 vJ 

MON r ANA 

SOUTHEAST 

CARTER 

4 

414 

?14 

353 

1 

44,?5M, 

1 0 3.^95i^< 

SOUTH l^Ar^OTA 

VjFST cf-ntral 

LAWRENCE 

4 

4 15 

?14 

354 

1 

43.90M 

103.73-' 

SOUTH DAKOTA 

WLS3 CENTRAL 

PENNINGTON ' 

4 

4 1 6 

214 

354 

? 

43-82M 

103.98a. 

south Dakota 

SOUTHWEST 

CUSTER 

4 

417 

214 

354 

, 4 

44,07M 

103.B4vf ' 

SOUTH DAKOTA 

WIST CtNTRAL 

PbNNINGTOM 

4 

41B 

214 

355^ 

1 

43.54M 

103..51W 

SOUTH DAKOTA 

SOUTHWEST 

CUSTER 

4 

4 19 

214 

355 

2 

43.46N 

1 03.76«a 

SOUTH DAKOTA 

Sqin HUES] 

.FALL RIVER ' ‘ 

4 

420 

214 

355 

3 

4-3 .64N 

V0 3.P7^‘ , 

SOUTH DAKOTA 

SOUFHWESr 

CUSTER 

4 

421 

?14 

355 

4 

43.72N 

1 03.6?iv 

SOUTH DAKOTA 

SOUTHWEST 

CUSTER 

4 

42? 

214 

356 

1 

43.1VJN 

1 03. 30W 

SOUTn .DAKOTA 

SOUTHWEST 

FALL RIVER 

1 

423 

214 

356 

2 

43.1 IN 

1 03.56*' 

SOUTH DArOTA 

souIhwEST 

fall river 

i 

4 2 4 

214 

356 

3 

43.29M 

103.651. 

SOiJTH DAKOTA 

r^ODTHWEST 

FALL RIVFP ' 

1 

42S 

214 

356 

4 

43.36M 

103,41 A/ 

SOUTH DAKOTA 

SOUTHWhS i 

FALL RIVER 

r 

4P6 

215 

340 

2 

46 .99N 

106.91 V 

MONTANA 

nom HE AST 

VALLEY 

1 

4P7 

21S 

341 

1 

4«.7?M 

1 06, 36‘ 

MONl ANA 

northeast 

VALLEY 

1 

42H 

21^ 

341 

2 

4H*63N 

I 06.63 J 

MONTANA 

NOR The AS 1 

valley 

1 

429 

215 

341 

3 

48. BIN 

1 06. /7 

MONltANA 

NORTHEAST 

VALLEY 

1 

430 

215 

341 

4 

4H.90N 

106.50 a 

MONT ANA 

NORThF AST 

VALLE'Y 

1 

'431 

21b 

34? 

1 

‘48.36N 

106.09 V 

hONl ANA 

NOR The AS I 

valley 

1 

4 12 

21^ 

34? 


4ft.?7N 

106.36 

MONTANA 

NOR THE AST 

val’LF,y 

1 

4 33 

?1S 

34? 

3 

46 .45N 

1 06.50' 

MONTANA 

nohTHKAST 

VALLEY 

1 

434 

215 

34? 

4 

4M ,c^4N 

106. 2H 

MunT ana 

NOM hEAST 

VALLFY 

1 

435 

21*^ 

343 

1 

48.00N 

10 5.831* 

MOnT ana 

NOkTHF AST 

MC GONE 

1 

4 16 

215 

343 

2 

47. Ql'^' 

1 06.10 > 

NON 1 ANA 

NOh THE AST 

MC CONfc 

1 

437 

215 

343 

3 

48 .09n 

V06.P3\‘• 

MONTANA 

NOR ltih AST 

valley . 

1 

4'IH 

21S 

343 

4 

4«. 16N 

105. - 

MONTANA 

UtiRTHKA.Sr 

VALLbY 

1 

4 39 

2lb 

344 

1 

47 .64M' 

10 5.5,7^1 

MONTANA 

northeast 

MC CONE 

1 

440 

.215 

344 

? 

47.55N 

10 5.84 V 

mONT ana 

MORThtASf . 

MC CONE 

4 

441 

215 

344 

3 

47.73M 

ins.97.j 

MONl ANA 

nokthf AS r 

MC CONE 

4 

4A? 

Pic; 

344 

4 

47.82M 

r05'.7o V 

MONl ANA 

.NOR THE A SI . 

MC CONE 

4 

443 

215 

345 

1 

47.2BM 

105.32- 

monT ana 

NOPThFASI 

DAWSON 

4 

444 

215 

345 

? 

47.20M 

V05.58^ 

‘MOh tana 

norThEAS*! . 

MC CUNF 

4 

445 

215 

345 

3 

47.37M 

105.71 

^ MON 1 ANA 

NDHTHFAST 

MC CONE 

4 

446 

215 

345 

4 

47.46N 

10 5*44 V 

MONTANA 

northeast 

MC CONF 

1 

447 

215 

346 

1 

46.9?N 

105.07- 

mont ana 

NORlHF.ASl 

DAWSON 

4 

448 

215 

346 

? 

46.B4M 

105.32** 

monT ana 

SOUThFASl 

prairie 

4 

449 

215 

346 

3 

47.02N 

105.46 *. 

MOw 1 AN A 

SOUTHEAST 

PRAXRIF 

4 

450 
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T • 

J 

K 

-L-fl-T 

LON 

STA-Tfc 

?1S 

34S 

4 

47*1 ON 

ins. 1'^ 

MOUl ANA 

PI? 

347 

1 

4t> •Sf>^l 

]n4.«l ' 

kimTama 


347 

? 

4S.4HN 

1 ns.O’> ' 

MO^l r ANA 


347 

3 

4 . 5 

105. ?1. 

monI ana 


347 

4 

4^.74^l 

1 04, MS ^ 

HONTANA 

P\^ 

34« 

1 

A^'.PON 

1 04. S ^ V 

mon I ana 

?1S 

34S 

P 

4S,'1?N 

I04.ft^f ‘ 

NO'^TANA 


34A 

3 

4S.30M 

1 04.9 r 

M()r, r ANA 

?1S 

3AS 

4 

46.3AM 

104,71 

MONTANA 


34<^ 

1 

4S. a4n 

104. 

kontana 

PI? 

340 

? 

4S.7SM 

104.61 j 

MON TANA 

?1*=^ 

340 

3 

4S.<J4M 

1 04.7 J 1 

mcmj tana 

PIS 

34^ 

4 

46.GPM 

1 r4.4‘» ' 

mOn Tana 

?1S 

36 n 

1 

4S.4hM 

1 04.1 P ' 

N(>nT ana 

?lb 

3S0 

2 

4 S . 4 0 

104.07 . 

MOM T ANA 

PIS 

35J» 

3 

4'^,‘^Am 

104. , 

MONI'ANA 

PIS 

350 

4 

4S.66M 

1 n4.?M J 

MONT am A 

?]S 

351 

1 

4S.l'3r. 

1 03. HM 1 

SOUTH DAKOTA 

PIS 

351 

? 

4S.Gb''' 

104. 1-^. 

"MCiN J ANA 

PIS 

3bl 

3 

4S.??N 

1 04.?ft \ 

r106 l AM A 

P.l? 

351 

4 

4S.30M 

104.1)1- 

SOUTH OAKttTA 

PIS 

3S? 

1 

44.77M 

1 03.67 J 

SOUTH OAhOTA 

s 

35? 

2 

44.6t^N 

103. MP - 

SOUTH UAKOTA 

PIS 

35? 

3 

44 .H7M 

1 04.0P'- 

SOUTH UAKOTA 

PIS 

35P 

4 

44.QSM 

103.7A-, 

SOUTH DAKOTA 

PIS 

353 

1 

44.41 M 

1 0 3.4«" - 

south DAKOTA 


353 

,2 

44 . 33N 

103.70 ’ 

SOUTH' UAKOT a 

Pl^ 

353 

3 

44. SIM 

103.S1W 

SOUTH DAKOTA 

PIS 

353 

4 

44.S«H 

ro3.SHi* 

SOUTH DAKOTA 

PIS 

35* 

1 

44, OSN 

1 

SOUTH DAKOTA 

PIS 

3S4 

2 

43.97N 

103.4ftt- 

SOUTH DAKOTA 

PIS 

354 

3 

44. IS*'^ 

1 o-3,t;o., 

SOUTH IiaKOI a 

?1S 

354 

4 

44 , P,3W 

1 03 . 34 ./ 

SOUTH DAKOTA 

P15 

355 

' r 

43*5«w 

103. OP* 

SOUTH ifAKUTA 

PIS 

3SS 

P 

43 • SPM 

103 . ?7 1 

SOUTH DAKOTA 

PIS 

35 s 

3 

4^.HnN 

103.3 MF 

SOUTH' DAKOTA 

?]S 

3SC. 

4 

43.87N 

3 03.1 V. 

SOUTH DAkoia 

PIS 

3S^ 

1 

43,34m 

lO.P.ft,] f 

SOUTH' DAKOftA 

PIS 

355 

2 

43*P6n 

to3.no V 

SOUTH DAKOTA 

PIS 

^5^ 

3 

43.44N 

TO'Uln, 

SOUTH' Dakota 

P15 

35 s 

4 

43. Sl^' 

1 , 

SOUTH DAKOIA 

?15 

357 

3 

43* OHM 

irp.9* •» 

SOUTH [)AKOTA 

PIS 

357 

4 

43. If*'' 

10?.7l’-i 

SOUTH UAkOFa 

PIS 

341 

‘ 1 

4M.«?0^^ 

10 6.41,. 

MON r ANtt 

PIS 

341 

? 

4R.A1N 

lOh.O-^-. 

MON i ana 

Pis 

34 1 

3 

4ft. Q9N 

, 1 06.2?, 

MONl aNA 

PIS 

34? 

1 

4ft , S4isj 

1 0S.SS,.F 

MONTANA 

Pl^ 

342 

? 

4ft, 4SN 

10S.ft?‘‘ 

MONTANA 

P16 

34? 

3 

4ft, 

lOS.QSi- 

MONTANA 

Plfi 

34 ? 

4 

4ft.7PN 

105 . 6 M ». 

MONTANA 




SOIL 

SbOUENT I AL 

CROP HtP.- Disr. ' 

COUNTY 

CLASS 

NO. 

NOHThF: AST 

DAWSON, 

4 

4?l 

bOUThif AST 

CUSTER 

4 . 

4S? 

S0UTH6AST 

CUSTER 

4 

4S3 

SOUTnFAST 

prairie 

1 

4S4 

southriast 

PRAIPIF 

1 

4S5 

S0UTH6AS1 

FALLON 

4 

456 

SOUIHFASI 

CARTER 

4 

4*^7 

SnUThbAST 

custtp 

4 

4^rt 

southbas r 

fallum 

4 

459 

SOUrntr.AST 

carter 

3 

46^1 

SOUlhlvASl 

carter 

3 

461 

SmllHR/AbT 

carter- 

3 

46P 

SOUTHEAST 

carter 

3 

4 63 

SOUlHKASl 

cahtfr 

3 

464 

SOUTHEAST 

CARTER 

3 

465 

SOUThhASl 

CARTER 

3 

466 

SnuihF.AS3‘ 

CARTER 

3 

4 7 

uOHlHWhST 

buTxe 

1 

4 66 

southeast 

CARTER 

4 

460 

SOUTHhASI 

CARTER 

4 

4 70 

NOkTHw£ST 

hapoing 

3 

47 1 

NORTHwESI 

BUTTE 

1 

4 f2 

NOR THWeST 

BUTTE 

1 

473 

northwest 

BUTTE 

1 

4 74 

NOk TriWESl 

BUTTE 

•1 

475 

WEST central 

MEADE 

1 

476 

wFST C^NTRAL 

LAWRENCE 

4. 

477 

WEST CENTRAL 

LAWRENCE 

1 

47ft 

NORTHWEST 

BUTTE 

1 

479 

wFST CINTRAL 

PENNINGTON 

1 

4ftO 

WEST XFNTRAL 

PtNNINGTON 

4 

4ftl 

WEST CENTRAL 

PENNINGTON 

4 

4ftP 

WKST CENTRAL 

MEADE 

1 

4ri3 

SOUTHWEST 

CUSTER 

1 

4ft4 

SOUTHWEST 

CUSTER 

1 

4R5 

SOUTHWr.ST 

CUSTER 

4 

486 

SOUTHWEST 

CUSTER 

r 

4’H7 

SOUTHWt ST 

SHANNON 

1 

48B 

southwest 

KALL PiVFR 

1 

4h9 

SOUTHWEST 

FALL RIVER 

1 

4W0 

SOUTHWEST 

SHANNON 

1 

1 

SOUTHWEST 

shannon 

1 

492 

southwest 

SHANNON 

L 

49 3 

riOKTHEAS r 

.DANIELS 

1 

494 

NOR THE AST 

Daniels 

1 

495 

northeast 

VALLEY 

1 

496 

NORTHEAST 

ROOSEVELT 

1 

497 

northeast 

ROOSEVELT 

1 

498 

northeast 

DANIELS 

1 

499 

NORTHEAST 

DANIELS 

1 

SO 0 


EEPRODUCIBILITY OF THE 
OSaWAL PAGE IS POOR 
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T 

J 

K 

L&T 

LON 

bl AH- 

CROP REP. DIST. 

COUNTY 

SOIL 

CLASS 

SEQUENTIAL 

NO. 


343 

1 

48. 1>7M 

in5.?q.» 

M0NTA^4A 

northeast 

ROOSEVELT 

1 

501 


343 

2* 

48.0'5M 

1 05 .56»v 

MONTANA 

NORTHEAST 

MC CONE 

1 

502 

?\(> 

343 

3 

48.27M 

10 5.69/; 

MONTANA 

NORTHEAST 

ROOSEVELT 

1 

503 


343 

4 

48.35M 

lfl5.42“i 

MONTANA 

NORTHEAST 

ROOSEVELT 

1 

504 

?16 

344 

1 

47.81N 

105.03W 

MONTANA 

NORTHEAST 

RICHLAND 

1 

505 

216 

344 

? 

47.73N 

105. 30w 

MONTANA 

northeast 

DAWSON 

1 

506 

216 

344 

3 

47. ^IN 

105.43.^ 

MONTANA 

NORTHEAST 

MC CONE 

1 

507 

?16 

344 

4 

q 7,qgN 

105. 16W 

MONTANA 

NORTHEAST 

RICHLAND 

1 

508 

?16 

345 

1 

47.44NJ 

1 04.74'^ 

MONT ana 

NORTHEAST 

DAWSON 

1 

509 

?16 

34«^ 

2 

47.3 7N 

105. 05/- 

MONTANA 

NORTHEAST 

DAWSON 

4 

510 

?16 

345 

3 

47 , 55N 

105. 18*^ 

MONTANA 

NORTHEAST 

DAWSON 

1 

5il 

?16 

345 

4 

47. 

1 04 .91 «v 

MONTANA 

NORTHEAST 

DAWSON 

1 

512 

?16 

346 

J 

47. 0Q\i 

1 04.54U 

MONl ANA 

NORTHEAST 

DAWSON 

1 

513 

216 

346 

2 

47.no^' 

104.81 V 

MONTANA 

NORTHEAST 

DAWSON 

1 

514 

216 

346 

3 

47.19N 

104.93/- 

MONTANA 

NORTHEAST 

DAWSON 

4 

515 

216 

346 

4 

47.27M 

104.66 

MONTANA 

NORTHEAST 

DAWSON 

4 

516 

216 

3^7 

1 

46.73M 

10 4. 3 0-J 

MON Tana 

SOUTHEAST 

WIBAUX 

4 

517 

?16 

347 

2 

46.64M 

) 04.56 *j 

MONTANA 

SOUTHEAST 

eallon 

4 

518 

216‘ 

347 

3 

46.82N 

1 04.68s 

MONTArrA 

SOUTHEAST 

PRAIRIE 

4 

519 

216 

347 

4 

46.tJlM 

10 4.42’- 

MONTANA 

SOUTHEAST 

WIBAUX 

4 

520 

?16 

348 

1 

46.36^J 

104.06V 

NO^’TH oakota 

SOUTHWEST 

SLOPE 

3 

521 

216 

348 

? 

46.2RNI 

L0q.33^'J 

MONTANA 

SOUTHEAST 

FALLON 

4 

522 ' 

216 

34CI 

3 

46 . 4 6N 

104.44-v 

MONT ANA 

SOUTHEAST 

FALLON 

4 

523 

216 

34H 

4 

46 . S5N 

lOq.lHv. 

MONTANA 

SOUTHEAST 

FALLON 

4 

524 

216 

34Q 

1 

46. 

103.83**« 

N09TH OAKUTA 

SOUTHWfcSr 

BOWMAN 

4 

525 

216 

34*^ 

2 

45*py|\f 

1 f»4.09^ 

MONTANA 

SOUTHEAST 

FALLON 

4 

526 

216 

34«j 

3 

4 6, J (jM 

1 0 4 . 2 ] *v 

MONT ANA 

SOUTHEAST 

Fallon 

4 

527 

216 

.34 

u 

46. 1 

\ 0 3.96-v 

NOf^lH pAKOTA' 

SOUTHWtS I 

HOWMAN 

3 

528 

216 

3S0 

] 

4S.64^’ 

1 03 . 6 ] - 

SOUTH ilA^OTA 

NORTHWEST 

HARDING 

1 

529 

216 

350 

2 

45.56'i 

10 3.86\>^ 

SOOTH l>A**OTA 

northwest 

HARDING 

1 

530 

216 

3*^0 

3 

45.74M 

1 it 3 

SOUTH Da»<0TA 

NORTHWEST 

HARDING 

1 

5 n 

216 

350 

4 


] ^3.72» 

SO[ITH DAfOTA 

NORTHWEST 

HARDING 

1 

53? 

216 

351 

1 

4S.?rt\« 

1 n -j . 3^! 

SOUTH DAMjTA 

NORTHWEST 

HARDING 

3 

533 

216 

351 

2 

45.20*^1 

1 0 3 . 64 /f 

SOUTH UANOTA 

NORTHWEST 

BUTTE 

1 

5J4 

216 

351 

3 

45. 38^' 

]63.75.i 

SOUTH 0A^OTA 

NORTHWEST 

HARDING 

3 

5 15 

216 

351 

4 

45.46M 

in 3. 4 VI . 

SOUTE< UAHOTA 

NORTHWEST 

HARDING 

3 

5 16 

216 

35? 

1 

44.92K: 

U'3.16' 

SOUTH l>Ar.{’TA 

NORTHwt ST 

BUTTE 

1 

537 

216 

35? 

2 

44, R4K 

1 03.42W 

SOUTH llrthOTA 

NORTHWE.S f 

bUTTF 

1 

538 

216 

35? 

3 

4b.0?M 

1 0 j:.53i' 

SOUTH UAf^CifA 

NOR ThWf bl 

BUTTE 

1 

5 19 

216 

35? 

4 

46.1ftr‘ 

103,?/.. 

SOUTH Dakota 

KOR T'hwE ST 

BUTTE 

3 

540 

216 

353 

1 

4 4 . S 6 

102.9k ; 

SOUTH DaKUTA 

WE^T CHNTRAL 

MFADE 

1 

541 

216 

353 

2 

44. 4vN 

103. ?o ) 

SOUTH !)A^^J^A 

wTST CTNIRaL 

MEADE 

1 

542 

216 

353 

3 

44.67fi 

n3.3i , 

SOUTH DAr OTA 

MOWiHWhST 

HUTTE 

1 

543 

216 

353 

4 

44 , 74^j 

103.0*: 

south Um^'OTA 

^ -OkTmwEST 

BUTTF 

1 

544 

216 » 

354 

1 

44.2{5M 

102.71- 

SOl/Jh 0>^MtrA 

WEST UnTral 

MEADE 

1 

545 

216 

354 

2 

44. 13*'^ 

1 0 2. ’ 

SOUTH [^aK(.TA 

■WEST CFnThpL 

PENNINGTON 

1 

546 

216 

354 

3 

44.3lf. 

103.09 • 

SOUlh LJArfUA 

WEST central 

MEADE 

1 

547 

?16 

'356 

4 

44.38^ 

1 0?.44 

snniM uakota 

WEST Central 

MEADE 

1 

548 

216 

355 

1 

43-«4M 

102. 6^ * 

SOr>lh O^rvOTA 

WEST central 

PENNINGTON 

i 

549 

'^16 

35^ 

? 

43.77^‘ 

102, 7h,' 

SOlMh I A^OTA 

souTHwts r 

CUSTER 

1 

550 
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SOIL seoUENTIAL 


T 

J 

K 

LAT 

1 mm 

^7ATF 

CMOP HEP. UlsT. 

COUNTY 

CLASS 

NO. 

?el6 

3^^ 

3 

43. 

1 

so'JTH Dakota 

wfcST CtNTHAL 

PENNINGTON 

1 

^ SSI 


3b^ 

4 

44.07r« 

1 07. ^ 3- 

SOUTH Oa^OTA 

west central 

PENNINGTON 

1 


*<>] ^ 

3b6 

i 

43.4Q^■ 

in?, i:: V 

SOUTH i/cl'OTA 

S0UTNW6.S1 

shannon 

1 

ss i 

716 

3£“6 

7 

43.41M 

in?, ^7. 

SOUTH L>A»'nTA 

SOUTHwh.Sr 

SHANNON 

1 

5S4 

?16 

356 

3 

43. 

1 

SOUIH |)i*hOTA 

SOUThWLST 

shannon 

1 

S55 

?16 

356 

4 

43, 66M 

lr?.*v , 

SOUTH |u^^O^A 

SnUTH»,t'Sl 

SHANNON 

I 

SSn 

716 

357 

1 

43. 1,3M 

107.1 '• 

SOUTH OA/-OTA 

snuTHwE-ST 

Shannon 

1 

5S7 

?1 6 

3b7 

7 

43. 05m 

1C 7. 37. 

SOUTH (-aKOTA 

SOUlhWh.ST 

SHANNON 

1 

55rt 

716 

357 

3 

43,73m 

1 n?.4 ^ ‘ 

SOUTH LTiir^OTA 

bOUTHwEST 

SHANNON 

1 

5SR 

EV6 

357 

* 

■43. 3lW 

107.77 

<;OUTH p).ArC>TA 

SOUTHWEST, 

SHANNON 

1 

S60 

?17 

341 

7 

4P. 

1 0^ , ^4* „ 

I A A' A 

rOkTHtAsT 

DANIELS 

1 

561 

?17 

3*7 

1 

*«.71N 

lo^.no . 

, MOfpl ANA 

NO H THE AS i 

SmEKIOAM 

1 

667 

71'7 


7 

*6, 67fJ 

ln^.p7 . 

r AMA 

t iThTHElAST 

DANIELS 

1 

66 3 

717 

3^*7 

3 

4q, «0N 

' 1 n 6 , * M i-« 

fUJl.l AM A 

NOhTHF.ASI 

DANIELS 

1 

6b4 

2.17 

3*7 

* 

4^<.6gM 

11>5. 1 3‘ 

MOI-iT.AMA . 

MOP THE AS I 

DANIELS 

1 

666 

717 

3*3 

1 

*P, 34M 

104.7/1 ( 

hU'^ 1 ANA 

NOkTHf ASl 

RO0SE\/ELT 

L 

S66 

717 


r" 

47, 76M 

10^,07 1 

M(W>. I Ai'iA 

NDk FE*E AS r 

kOOSFs/ELT 

1 

S67 

717 

34^ 

3 

* ti . 44^' 

1 0^-. 1 • 

MOJ” 1 ana 

HOP 1 HR AST 

ROOSEVELT 

1 

66 k 

717 

3*5 

* 

* h , ^3 kj 

f 

1 1 AmA 

'h>kTHE*AST 

RffOSE VFLT 

1 

66S* 

717 

3^^ 

1 

47, 

1*J4.** . 

MOi'J 1 ANA 

r.OkrHf AST 

*vICHLANO 

1 ' 

S /O 

717 

3 <* * 

7 

47,«0m 


A|UI I 

Nijh thk/\st 

RICHLAND 

1 

S7 1 

71J 

.3** 

3 

4H , ' 

1 n»* , i-.Nv 

MUivT Ai-'A 

suhTHKAST 

KlChLANO 

1 

S/7 

717 

3** 

* 

47, 1 

1 If 4 , A P "I 

K»K \ *niA 

mOkTUlAST 

HUOSEVFLT 

1 

S / 1 

717 

3*5 

1 

47.67N 

1 0 u , ? i 

MOi' 1 ANA 

NOH IriEAST 

HICHLAMO 

1 

S74 

?17 

3*5 

? 

47,c.3M 

\ n4,57t» 

mom 1 ana 

hOkTE-FAST 

HIChLANO 

1 

675 

717 

3*5 

3 

. 47,71rM 

1 n ^ , A fj t 

^It)^ T Ar>A 

uokt<-'e:ast 

HICEfLAND 

1 

676 

717 

3*5 

4 

47. 70M 

1 n*. .W . 


nok The a s T 

RICHLANO 

1 

67 7 

?17 

3*6 

1 

47, 75w 

In* , Ol'i 

nOp'Th Dap 01 a 

SOllTHWbbT 

GOLDEN valley 

3 

S7rt 

717 

3*^ 

? 

47. 1 7m 

1 n* .7/p 

HON 1 A»'tA 

SOUTHEAST 

wlHAUx 

4 

679 

^17 

3*6 

3 

47.-35N 

10 4,4 O'L 

MOM 1 AM A 

nor 1 he: AST 

PIChLANO 

1 

6R0 

717 

3*6 

4 

47.43N 

104.13. 

MON r ANA 

. MOKThEAST 

HIChLANO 

1 

SHl 

717 

3*7 

1 

46, 

103,77- 

NO^^TH OAnOTA 

SOUTHWEST 

(50LDEN valley 

3 

5h7 

317 

347 

7 

46.71N 

10 4 , 04 'f 

MO^TH OaKOTA 

SOUTHWEST 

GOLDEN valley 

1 

6«3 

717 

3A7 

3 

46.Q9N 

1 04 . 1 , 

MOM/vNA 

southeast 

WIBAUX 

4 

6B4 

?17 

3*7 

* 

*7,07M 

1 03,04^ 

MOIt^TH DAKOTA 

SOUTHWEST 

GOLDEN valley 

1 

SriS 

217 

34H 

r 

'4 6, 57h 

1 03, S4 1 

MOHTh DArOTA 

SOUTHWEST 

SL OPF 

3 

6H6 

717 

34^ 

7 

46.4‘^f'' 

10 3.no.. 

MOHTh DAr^OFA 

SO[fTHWESr 

SLOPE 

3 

6R7 

?17 

3*« 

3 

46.63M 

1 03. '^7- 

MOhTH DAKOTA 

SOUTHWEST 

GOLDEN valley 

1 

5HH 

717 

34H 

4 

46.73M 

103.65 I 

MOPTH OAkCTA 

SOUTHWEST 

GOLDEN valley 

3 

5k9 

717 

34CJ' 

1 

46. lOrJ 

,103.31 

mO'^TH UAHOTA 

snUTHWErST 

BOWMAN 

1 

690 

717 

3**^ 

7 

46. OftN 

103.57 . 

Mfr^Tlt DAP 0 Fa 

SOUTHWEST 

Bowman 

3 

S9l 

717 

3*^ 

3 

46. ?6N 

103.6^. 

nO-^Th OakoTa 

SOUTHWEST 

BOWMAN 

1 

S9? 

717 

3*S 

4 

46. 3*M 

10,3.*.^ 

NO <Th DAP OTA 

southwest 

SLOPt 

1 

593 

717 

3S0 

1 

45, hOn 

103.0-^7 

SOlllH DANOTA 

NOP THwEST 

HARD IMG 

1 

694 

,717 

350 

7 

45,7?f'^ 

103.36. 

. SOUTH DaMjTA 

NORTHWEST 

HARD I MG 

1 

695 

7]7 

350 

3 

45, QOM 

103,46. 

SOUTH DAKOTA 

northwest 

HARDING 

1 

596 

717 

3Sn 

4 

4«5,Q7Nj 

i03,7o,. 

MOHTH DAKOTA 

SOUTHWEST 

BOWMAN 

'1 

697 

717 

351 

1 

4S,4*M 

107,67 

FianOTa 

NORTHwesr 

PFRKINS 

1 

698 

71T 

351 

^ 

45,36'^r 

103.13. 

SOUTH Dakota 

northwest 

HARDING 

1 

699 

717 

351 

3 

45, 54N 

103 , 74 - 

SOUTH DAKOTA 

northwest 

HARDING 

1 

6 0 0 
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‘ T 

J 

K 

LAT 

LON 

STATF 

CROP REP. DIST. 

COUNTY 

SOIL 

CLASS 

SEQUENTIAL 

NO. 

^17 

351 

4 

* 45.62N 

1 02*9P9 

SOUTH DAKOTA 

northwest 

PERKINS 

1 

601 

?17 

35? 

1 

45.07N 

102*65^ 

SOUTH DAKOTA 

northwest 

PERKINS. 

1 

602 

?A7 

353 

2 

45,00n 

102. 91t^ 

SOUTH DAKOTA 

WEST CENTRAL 

MEADE 

3 

603 

?)7 

35? 

3 

45.18N 

103*02W 

SOUTH DAKOTA 

northwest 

BUTTE 

3 

604 

^17 

35? 

4 . 

45*>6.M 

102. 76W 

SOUTH DAKOTA* 

NORTHWEST 

PERKINS 

' 1 

60b 

?17 

353 

1 

44.71N 

10P.44W 

SOUTH DAKOTA 

WEST CENTRAL 

MEADE 

3 

606 

?17 

353 

2 

44*64N 

10?.69iV 

SOUTH DAKOTA 

WEST CENTRAL 

MEADE 

1 

607 

?17 

353 

3 

44^H2N 

102.80W 

SOUTH DAKOTA 

WEST CENTRAL 

MEADE 

3 

608 

?1’7 

353 

4 

44.89N 

1 0?.5SW 

SOUTH DAKOTA 

WEST CENTRAL 

MEADE 

3 

609 

^17 

354 

1 

44*35N 

I0?.?3ix! 

SOUTH DAKOTA 

WEST CENTRAL 

PENNINGTON 

1 

610 

^17 

354 

2 

44 * ?8f^ 

102.48W 

SOUTH DAKOTA 

WEST CENTRAL 

MEADE 

1 

611 

?17 

354 

3 

44 • 46«vf 

1 «2.59i.i . 

SOUTH DAKOTA 

WEST CENTRAL 

MEADE 

1 

612 

r>17 

354 

4 

44.53N 

1 0?.34>*r 

SOUTH DAKOTA 

WEST CENTRAL 

MEADE 

1 

613 

i>l7 

355 

1 

43.99N 

1 0?.0 BW 

SOUTH DAKOTA 

WEST CENTRAL 

PENNINGTON 

1 

614 

?17 

355 

2 

43.92N 

142. 28W 

SOUTH DAKOTA 

WEST central 

PENNINGTON 

1 

615 

?17 

355 

3 

44 • ION 

1 

SOUTH DAKOTA 

WEST CENTRAL 

PENNINGTON 

1 

616 

?17 

355 

4 

44, 17N 

10-:>*'l Bw 

SOUTH DAKOTA 

WEST CI-NTRAL 

PENNINGTON 

1 

617 

/17 

356 

1 

43.63m 

'i«n *8^3‘> 

SOUTH DAKOTA 

SOuTHWf ST 

WASHABAUOH 

1 

618 

'^17 

356 

? 

43.56M 

1 o?*n7- 

SOUTH Dakota 

SOUTHWEST 

WASHABAIJSH 

I 

619 

?U 

358 

3 

43.74M 

1 0?. l«w 

SOUTH DAKOTA 

SOUTHWEST 

SHANNON 

1 

620 

?J7 

356 

4 

43*8iN 

LOl *93^0 

SOUTH DAKOTA 

whST central 

JACKSON 

1 

621 

?'17 

357 

1 

43.??M 

1 ni .4 Lv 

SOUTH DAKOTA- 

SOUTHwEsl 

UF-NNETT 

1 

622 

?17 

357 

2 

43.20M 

1 01 *8HV; 

SOUTH DAKOTA 

SOUTHWEST 

BENNETT 

1 

623 

?\7 

357 

^ 3 

43.38M 

1 01 .Q7- 

SOUTH JmKOTA 

SOUTHWEST 

BENNETT 

1 

624 

^n 

357 

4 

H 3 , 4 5 'V! 

1 01.73 V 

SOUTH DAKOTA 

SOUTHWEST 

WASHABAUOH 

1 

625 

?\7 

358 

4 

43* (I 9m 

1 0 1 . 5 B 

SOUTH DAKOTA 

SOUTHWEST 

BTNNETT ' 

3 

626 

?1B 

34? 

1 

48.8HM 

1 04.44 

MONTANA 

northeast 

ShERXDAN 

1 

627 


34? 

2 

48*79N 

1 04 

MONTANA 

northeast 

SHERIDAN 

1 

628 


34? 

3 

4ft*9M 


MONT ANA 

NORTHEAS r 

SHERIDAN 

1 

629 

?18 

343 

1 


1 04.19-^ 

MUNI Af>}A 

NORTHEAST 

SHERIDAN ' 

1 

630 

?1B 

343 

2 

48.43N 

104.47- 

MONTANA 

NORTHEAST 

SHERIDAN 

1 

631 

?18 

343 

3 

4 « * 6 1 M 

1 04.59« 

MONTANA 

northeas r 

Sheridan 

1 

632 

?1B 

343 

4 

48.69h 

1 04.3?/ 

MONTANA 

NORTHEAST 

SHERIDAN 

1 

633 


344 

1 

48*1 4M 

1 03;95^ 

MOl'Th DAKOTA 

NORTHWLS'T 

WILLIAMS 

1 

634 

?18 

344 

2 

4rt * 06rv 

104.2? - 

MONTANA 

northeas r 

ROOSEVELT 

1 

635 

?18 

344 

3 

48*?4M 

1 04 ♦ 34-* 

MONTANA 

NORTHEAST 

ROOSEVELT 

1 

636 

?1R 

344 

4 

48* 33M 

104.07W ' 

MONTANA 

NORTHEAST 

ROOSEVELT 

1 

637 

?,IH 

345 

1 

47*7HM 

103.71.1 

NO'-Th DAKOTA 

WfcST CENTRAL 

MC‘ KENZIF 

1. 

6 38 

?18 

345 

? 

47,7^>M 

103.901- 

nO’.'T'^ Dakota 

WEST CENTRAL 

MC KFNZIE' 

3 

*639 

?18 

345 

3 

47.RHM 

104.10 1' 

MONTANA 

NORTHEAST 

RICHLAND 

1 

640 

?IH 

345 

4 

47.96M 

103. 83i' 

nO‘-’Th Dakota 

wfST central 

MC KENZIE 

1 

641 

316 

346 

1 

4 7 • 4 1 N 

103.47*/ 

NOi/fh DAKOTA 

WEST ChNTRAL 

MC KENZIE' 

3 

642 

?18 

346 

? 

47.33N 

103. 74-. 

NO-1 H DAKOTA 

WEST CENTRAL 

MC KEN^TE 

3 

643 

?1B 

34h 

3 

47*5lN 

1 03.86W 

Dakota 

WEST CtNTRAL 

MC KENZIE 

3 

644 

318 

346 

4 

47*S9N 

.I0 3*59>.f 

r-OMii-. Dakota 

WEST CTNIHAL 

MC KENZIF 

3 

645 

?ie 

347 

1 

47 * 05m 

103.'?4.v' 

riO./lH 'ilAKOTa 

SOUTHWEST 

BILLINGS 

4 

646 

?1B 

347 

? 

46.Q7M 

103. 50w 

•vOvrlH OAKfUA 

soutmwEs r 

BILLINGS 

3 

647 

318 

347 

3 

47*m(s 

1 03. 62-*^ 

i.*0. TH [DAKOTA 

SOUTHWEST 

BILLINGS 

3 

64H 

31H 

347 

4 

47*?3^J 

103.35 J 

NO‘?TH DAKOTA 

SOUThwESl 

BILLINGS 

3 ' 

649 

?1B 

348 

1 

46.68M 

103. Olw 

N(WTH i;AkOTA 

SOUTHWEST 

STARK 

1 

650 
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-r 

v) 

K 

L4T 

LON 

?ie 

14P 


45.5(»\« 

rn3*?7w 

?] H 

34B 

3 

48.79M 

193.39‘u 

?1A 

34P 

4 

45.P6M 

in3*12»^‘ 

>18 

349 

1 

4<S; 3?N 

l'n?.7gH^ 

?18 

349 

2 

45*?4M 

103*06v* 


349 

3 

46*42M 

103. 16L 


349 

4 

46.5'OM 

n?.00N 


3b0 

1 

45.9SM 

in?.57'v. 

?1H 

350 

2 

45«rtBN 

in?.«3^« 

?18' 

350 

3 

46.n5N 

in?.q4»“ 

5>18 

3^0 

4 

45.13M 

in?.87- 


351 

1 

4S,59»V 

1 n?.3pi-' 


351 

2 

45•51^J 

loa.ei'j 


351 

3 

43.A^5M 

lo?.7?\ 


351 

4 

45.77^*- 

1 0?.46^ 


35? 

1 

45.^^^^ 

.19?.>14 


' 35? 

2 

45.v1c-tM 

1 0?.*4 0 .>? 

?Vm ' 

35? 

3 

45.33N 

1 II?. 50,1 

>1P 

' 35? 

4 

45.4 IN 

1 »'?.?4i^. 


353 

1 

44 .»5M 

KI ,03 . 


353 

? 

44.7‘>M 

10?. 19 . 

?1 M' 

353 

3 

44.97iM 

1 0P.?9 -* 


353 

4 

45. 04W 

1 op. 03* 


'35^ 

1 

44. 5 ON 

101.73^ 

PIP 

354 

2 

44 .43N 

101.9^^- 

?1M 

35<* 

3 

44.81N 

rop.oH- 

PIP 

^54 

4 

44.5flN 

1 ri .8 

?1B 

355 

1 

44.14N 

101.5?- 

PIH 

355 

2 

44 • 05N 

‘1 ni.7P-i 

PlP 

355 

3 

44.P4M 

1 ni .pp V 

P]P 

35'5' 

4 

44.3?M 

101*5^- 

PIP 

3^h 

1 

43.7TN 

1 m * 33>-f 

PIP 


? 

43*70N 

1 01 .88-^ 

PIP 

355 

3 

43.86W 

1 ni .68.* 

PlVi 

35^ 


43.95N 

1 ni ,43^^ 

PIP 

357 

1 

^3.4iM 

,101 .,1 ir 

?\P 

157 

2 

43.34M 

UU.3>^'V 

P\h 

357 

3, 

43.52N 

101 .4R •* 

Plf 

357 

4 

43.59N 

1 0] .?lv* 

-l^ 

* 

1 

43.06M 

unn.94 . 

P18 

35r» 

3 

43.1 8N 

l-n],.?c«. 

PIP 

358 

k 

43.?3M 

1-ni .04 ’■ 

?1^ 

34? 

? 

48.9^>N 

1 04, 

?|Q 

343 

1 

48.67m 

103 . 5*# 

PIU 

343 

? 

45.59W 

1 n 3,9p " 

?1^ 

343 

3 

45.77M 

V04. 04 - 

P]u 

343 

4 

48.B6N 

1 0 1.7^.. 

PIQ 

344 

1 

4B.30N 

1 03.4n*- 

Pl^ 

344 

2 

4B.??N 

103.^7- 

P.IQ 

344 

3 

48.41N 

103.7^J* 


STA-Tf CHOP RtP. OIST-. 


iJO' f5 

UM60T A 

SOUTHwfcST 


UaiVOT A 

hOUTHwEST 

Mn«TH 

UAKOl A 

SOUTHWEST 

>10 ^ 1 H 

UttKOTA 

SOUThWEsr 

MO^I ^ 

l)4r OT A 

SOUTHWEST 

^Ol. fH 

UakoTA 

SOUTHWEST 

50^ fH 

u^kOTA 

SOUTHWEST 

50nlM 

UAi<aTfl 

nohthwest 

4fUlT^* 

rUAKO TA 

wOHTHwEST 

MH* 1 M 

UA^OT A 

SOUTHWEST 

N-0 J H 

iIakoTA 

SOUTHWEST 

50tJ FM 

iiAhOTA 

liOHTHwEST 

SOU fH 

OAK OTA 

UDHTHWESr 

SMHU. 

lu^KhlA 

NOHTHWESr 

SOMfH 

OAMITA 

nOUTmwE: S I 

SOI \ I M 

ij/ hfi 1 A 

northwest 

SOjl H 

D^rniA 

north whs 1 

SOUTH 

UAKOT A 

mORTmWI* S t 

SllU 1 M 

TJA^OT A 

MQwThwt sr 

SO'Hii 

IU.M>T ^ 

northwest 

Sflnl rt 

UA»' 0 f A 

Wfc sT CENTkaL 

SUM |*M 

UANOl A 

whST CHNTRAL 

SOillM 

Oakota 

northwest 

SOUTH 

DAKOTA 

WEST CF*NTRAL 

^OUl H 

DAKOTA 

v/E'ST CENTRAL 

SOOTH 

DAKOTA 

WEST central 

SOUTH 

^iJA^CJT A 

NOR TH WE ST 

SOUTH 

DAKOTA 

WEST CENTRAL 

StJUlH 

dakO r A 

we:st central 

SflUTH 

Dakota 

WEST central 

SUHTh 

DAKOTA 

*WE5T central 

SOUTH 

DAKOTA 

southwest 

south 

Dakota 

southwest 

SOlfTH 

DAKOTA 

WEST CENTRAL 

SOUTH 

DAKOTA 

WE’ST CENTRAL 

snuTH^ 

DAKOTA 

SOUTH central 

SOilTH 

Dakota. 

SOUTHWEST 

SOUTH 

DAKOTA 

SOUTHWEST 

SOUTH 

DAKOTA 

SOUTHWEST 

SOUTH 

DAKOTA 

south CENTRAL 

SOUTH 

DAKOTA 

SOUTHWEST 

SOUTH 

DAKOTA 

SOUTH CE.NTKAL 

MONTANA 

NORTHFAST 

NOr?TH 

DAKOTA 

, NORTHWE-SI 

mohth 

DAKOTA 

NORTHWES ! 

KjOuTH 

DAKOT A 

^10RrHWESl 

N08TH 

DAKOTA 

'NORTHWEST 

mo*^th 

DAKOTA 

northwest 

MO^JTH 

DAKOTA 

northwest 

NOhTH 

DAKOTA 

NORThwHS 1 



SOIL 

sequential 

COUNTY 

XLASS 

NO. 

SLOHE 

3 

651 

KILLINGS 

3 

65? 

STARK 

4 , 

653 

ADAMS 

1 

654 

HOWMAN 

1 

655 

SLOPE 

1 

656 

HFTTIN6ER 

1 

657 

PERKINS 

1 

658 

PERKINS 

1 

6S9 

ADAMS 

1 

660' 

AI;AMS 

1 

661 

PERKINS 

1 

662 

PERKINS 

1 

663 

PERKINS 

1 

664 

PE RK I NS 

1 

665 

PE^RKINS 

1 

666 

PERK INS 

1 

667 

PERKINS. 

1 

668 

PERK INS 

1 

669 

^lEhACH 

1 

6 ro 

MEADE 

1 

671 

MFAOE 

1 

6 72 

ZIEBACH 

3 

673 

HAAKON 

1 

6 74 

HAAKON 

1 

678 

MFAOE 

1 

676 

7IEBACH 

1 

677 

H4AK0N 

1 

6 78 

HAAKON 

‘1 

679 

HAAKON 

1 

680 

HAAKON 

1 

681 

WASHARAUOH 

4 

68? 

WASHAHAUOH 

4 ■ 

683 

JACKSON 

1 

684 

JACKSON 

1 

685 

TODD , 

1 

686 

BENNETT 

1 

687 

WASHABAU<3H 

1 

688 

washaraugh 

1 

689 

TODD 

3 

690 

BENNE7T 

3 

691 

TODD 

3 

692 

SHERIDAN 

i 

693 

DIVIDE 

1 

694 

.WILLIAMS 

I 

695 

DIVIDE 

1 

696 

DIVIDE 

1 

697 

WILLIAMS 

1 

698 

WILLIAMS ' 

1 

699 

WILLIAMS 

1 

700 
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T 

J 

K 

LAT 

LON 

STATF 

CHOP HtP* OIST. 

COUNTY 

SOIL 

CLASS 

sequential 

NOi 


344 

4 

4fl*49rJ 

in^.ft?^ 

N09Th DAKOTA 

MOKTHWtST 

WILLIAMS , 

1 

701 

?19 

34«^ 

1 

47.94*'J 

mi.ift^ 

NO'nH DAKOTA 

IvKST CtNTKAL 

MC KENZIF 

1 

70? 


349 

2 

47,ft*^*vf 

If 3.43'^ 

NOt^TH DAKOTA 

CbK’THAL 

, MC KEN7IF 

1 

7 03 


34b 

3 

4ft* 04«'J 

103.55.^ 

NO^-'TH DAKOTA 

wtbT CrMTHAL 

MC‘ kenzte 

3 

704 

?19 

34S 

4 ' 

4ft* 1 ?N 

1 ft3.?5- 

NOf^fH pAKOTA 

JOKTHWliST 

WILLIAMS 

3 

705 

e\9 

34fi 

1 

47*97«'1 

1 0?,91 .1 

MQ9TH b'AKOTA 

WtST CP:nTKAL 

DUNN 

3 

70 ft 

?A^ 

?4#> 

2 

47.49(“ 

1 n3*?0rfi 

NO»>lh DAKOTA 

KtST Cf-NTKAL 

MC KEN2IE 

3 

707 


34f> 

3 

47.ft7*'i 

1 1>3. 3?st 

wOh>TH DAKOTA 

wtST CP.NT«AL 

MC KtNZiF 

3 

708 

?19 

346 

4 

47 * 79im 

1 0 ^ • n 4 

DaKOTA^ 

v»tiST CPnTwaL 

MC ‘KEnZTE 

3 

709 


347 

1 

4 

10?*70.. 

M041H DAKOTA 

WEST CFmTHAL 

DUNN. 

3 

^ 710 


34 7 

2 

47*r^.f 

l"!>.97.v' 

NO»^rH DAKOTA 

A»kftT a-UTPAL 

DUNN 

3 

711 

?19 

347 

3 

47*31 yj 

1 1^3, Oft fi 

WO^^Th DAKOTA 

SOUThvjKST 

HILLiNftS 

4 

71? 

?19 

34 7 

4 

47 . 39t 

1 np.M.v.j 

MQ^IM DAKOTA 

WtftT CFNThaL 

DUNN 

3 

713 

?19 

34B 

1 

46.H3M 

1 Oy . 4 7t». 

Dakota 

SOUThUiFsT 

STARK 

1 

714 


34ft 

2 

4f'.7^'■i 

1 '? . 74 «J 

MOnn DAKOTA 

SOUTHwKS T 

STAKK 

1 

71ft 

?19 


3 

4ft •94^' 

1 n p^^c;v/ 

Dakota, 

SOUTHWl- S 1 

ST AHK 

3 

71ft 


34ft 

4 

47* 02NJ 

WV.ftO>; 

N'O^^Th Dakota 

SDUTHUKS3 

STARK 

1 

717 

?10 

349 

1 

46,47m 

1 

MO«*’T»- DAKOTA 

SOUTHWEST 

HFTTINOFO 

1 

718 


349 

? 

46 * 

1 0 J.t. 

MO’Oh DAKOTA 

ftOUTHWhft r 

hfttingep 

1 . 

719 

?]9 

349 

3 

46*9Hn 

w^?. ‘ li' 

DAKOTA, 

SOUThWI-S 1 

HE.TTINGFP 

3 

720 

9 

349 

4 

46. 66M 

1 Sft.*! 

Dakota 

souiHuJhs r 

HbTTINGFH 

V 

721 

?1Q 

3hn 

1 

4h, 1 OM 

1 op. |>4 *» 

MO'Mh DAKOTA 

SnUTH'jJtST 

ADAMS 

1 , 

722 

#ei9 

3b0 

? 

46*03'l . 

1 np. 

MQPlh uAkOTA 

SOUTHWfc 5 f 

ADAMS 

3 

723 

?19 

3b0 

3' 

46*?!^' 


MO^TH DAKOTA 

SOUTHWEST 

ADAMS 

3 

724 

?19 

350 

4 

4/' • 

1 OP.l^w 

NOPTH DAKOTA 

SOUTHWEST 

HPTTINGE^ 

1 

725 

?1Q 

3bl 

1 

49, 7 tt 

1 O] .rt3-J 

ftOijiH Dakota 

NOPTHWtS 1 

CORSON 

3 

726 ’ 


351 

a 

4 , 6 K^' 

1 Op. 09/ 

SOUTH DAKOTA 

MOHThWK SI 

PERKINS 

1 

727 

Pio 

351 

3 

4«1, WiA'V* 

lOP.?04 

SoijTh Dakota 

NOkTHWtb r 

PKRKINS 

1 

728 

?19 

351 

4 

ii-ft * 9 

1 ''1,91. 

ftniPTrt DAKOTA 

NOHTHWI- SI 

CORSON 

1 

729 

P19 

35? 

1 

4‘->* ^7’'' 

1 01 ,6?.’ 

SOjUh DAKOTA 

UOHThwP bl 

ZlEbACH 

1 

730 

?I9 

35? 

? 

45. 30'v‘ 

1 n 1 . ftp*.! 

SOUTH DAKOTA 

NOHTHWFS 1 

ZIEBACH 

1 

731 

?19 

352 

3 

Aft . il r 

101 .9 «- 

9 )l 1 H DArsOTA 

NOkThWtS ! 

ZlFbACH 

1 

732 

P19 

35? 

4 


101.7^. 

ftOhTH DAKOTA 

igOPTHWKS I 

CORSON 

3 

733 

?1Q 

353 

1 

4ft. niN 

101.4P. 

smiTH DAKOTA 

AiORTHWtS I 

ZIEBACH 

1 

734 

?19 

353 

? 


101.67* 

SiftlTh DAKOTA 

kjOhTHwPS 1 

ZIEBACH 

1 

735 

^>1 9 

353 

3 


I'Ol 

‘'OijfH Dakota 

KOHTHWP ST 

ZIEBACH 

3 

73h 

^19 

353 

4 

4 * 1 '■>>' 

1 

ftOO'fH OmKOTA 

[x30»TH JP 9 1 

DtwF Y 

1 

737 

2AM 

354 

1 

4 4 * ' * 

1 1 . “ 

90* Hn DAKOTA 

WhST CFNT9AL 

HAAKON 

1 

7 lb 

2]9 

354 

? 

«v4*>i7*‘ 

1 'U .4 7i^ 

SnillH DAKOTA 

'wtST CPNTDAL 

HAAKON 

1 

739 

p\o 

354 

3 

44,7*^'' 

lf'V.97'. 

SOillH DAKOTA 

fyjIlkThirtfcb 1 

ZibbACH. 

1 

740 

?19 

354 

4 

44.-?.' 

101.31' 

SOMTh DAKOTA 

i^OKTHWP m 

ZIEBACH 

1 

741 

>>19 

355 

1 

4 4, 

1 0 1 . n p *1 

SMiHr. DAKOTA 

»mF9T CFNThaL 

STANLEY 

1 

74? 

>>19 

355 

? 

44 « ?!'" 

I'M*??^- 

ftO'llH uaSOTA 

CFHTPaL 

HAAKON 

1 

743 

?-19 

359 

3 

4 4. ■I's '■ 

101.37*. 

90»rlH D/^KfUA 

wF9T LPT'JlH/a 

HAAKON 

1 

744 

P19 

355 

4 

44.4f M 

101 *1>.' 

SOMIM DAKOTA 

wl-ST CFNTk/.L 

STANLbY 

1 

74ft 

?19 

356 

1 

43. Jl'i 

,100. >r> 

90‘Mr» Dakota 

SOHTH CFNTPAl. 

JONFS 

1 

746 

;^19 

356 

2 

4 3, ft 4*. 

IM .Dm;. 

DAKUIA 

SOnTPJ C't«Nl»-’AL 

MfcLLETTF 

1 

74 / 

PIQ 

35ft 

3 

44. ■ ' 

no , 1 7 V 


>vPbT CP •'ll HAL 

HAAKON 

1 

748 

PIQ 

35ft 

4 

44,1 0^’ 

1 0(J , J . 

ftOMlO (>4^0lA 

South cfnthal 

JONES 

1 

749 

?19 

357 

1 

43.ft9M 

1 on *ft3-i 

90J'riH o,\ryOTA 

SOUTH C£iy>THAL 

mkLLETTE 

1 

7ftO 
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T 

J 

K 

t.AT 

U)N 


357 

? 

4^*40\i 

1 90*88 g 

?19 

357 

3 

43.6KM 

inn .9MN 

?19 

357 

4 

43.73N 

190.73^^ 

?I9 

35F 

1 

43. 

1 O0.45*^• 

?19 

35P 

? 

43 . 

1 19,70h- 

?19 

358 

3 

43.30U 

1 on.79'« 

?19 

35A 

4 

43 . B7N 

1 nn .5Av.t 

??0 

343 

1 

48.8?u 

1 "•3.0A^ 

??0 

343 

? 

4H.75^^ 

1H3.3ES 

??0' 

343 

3^ 

4H.9**M 

\ 0 3.48-/ 

??0 

344 

1 

48 .46hf 

1.1?, RAN 

?;?o 

344 

? 

48. 3Hu 

1«'3.1? 

??o 

344 

3 

48.57m 

1 '> ^.?4vj 


344 

4 

46.6SM 

HV..96- 

??n 

34S 

1 

43. 09'' 

'1 1 V. 6 IU 


345 

? 

48.01H 

1 “ , 6Mi»* 

??n 

34b 

3 


1-1 unn * 

??n 

'^45 

4 

4H.?H-'i' 

1 7/- *r 

*??o 

34 6 

1 

47.7?V 

i 1'/,3H»V 

^?n 

346 

? 

47. ASM* 

1 1?,65'« 


346 

3 

47.83N 

1 rv.77 - 

??o 

346 

4 

47.91H 

\ 'V.ACv 

??o 

347 

T 

47.35m 

1 'V, 16^. 

??o 

^47 

? 

47. ?8^’ 

1 4 3.J 


347 

3 

47.46m 

1 * 

??0 

347 

4 

47.54^ 


??0 

348 

1 

46.98^ 

1 '' 1 •» 

??I) 

34P 

? 

46.91U 

1 / 

??n 

348 

'3 

47.09m 

! r?,3?‘'/ 

??o 

34H 

4 

47.17f^' 

1 n?.o^ 

??0 

349 

1 

46•6?^ 

l 

'??0 

-»4<^ 

'? 

46.54 -< 

1 :• 1 

??n 


3 

46.7 

1 'W.in-* 

??o 

349 

4 

46. ROM 

a 'M 

??o 

350 

1 


1 ^ 1 . 5 1 

??o 

3bll 

2 

46.18" 

1 u. 75 m 

??0 

350 

3 

'46,36M 

1 K 1 - ■ 

??0 

350 

4 

46.43'-» 

1 1 . ~ 1 - 

??0 

Bbl 

1 

45.88U 

1 . UD 

??(\ 

351 

2 


K' U S / . 

??0 

351 

3 

45.99m^ 

1' K.67* 

??0 

351 

4 

46♦06^' 

in .A 1- 

??0 

35 ? 

1 

45 . SP- 

PM .185 

??0 

35? 

? 

AS. 44M 

PM , 3'> V 

??0 

35? 

3 

45.6 Bu 

*1 1 ,46 . 

??n 

3b? 

4 

45.70^ 

1 0 1 ,?n U 

??o 

353 

1 

45.15^ 

1 '‘9,. 80 

??0 

3^3 

2 

45.03'* 

p 1 . p ^ 

??0 

353. 

3 

45. 26^' 

PM .^'5., 

??0 

353 

4 

45.33" 

PM .00 : 


si ATk- Cl^nP Rt p* DIb r • 


SOmT'< n«sUTA 
SnUlM DAKOTA 
SOl'TH DAKOTA 

SOUTH |/*i»-OTA 
SOUTU U>-»<01A 
SOuT*** i;Ar\L*TA 
SOUTU UAKUlA 
NO-?Tri l;^(^UTA 
rgOi-lH llA^OTA 
MOJ'lH UMTOTA 
nO'Mh ^)A^o^/' , 
no‘^th Ll*l^o^A 
►iOPlu OmKOTA 
fy I ) J 1 3 [ < <l n T A 
UAUOtA 
Mtl'-'Ti'* OaKHTA 
.acWli' 
rJO^*TH [ 

IMrOTA 
MO^TH OrKUlA 
M.'.KOTA 
NO-f I H lHiKf>TA 

rjOlMH UAAOrA 
^■ 0<»r n T A 
Mfl'.’fhi 0**''UTA 
NOf^lM 0>»M1TA 
MOhfTH ImvkMIA 
NOPTk^ UAKOTA 
mDs-'IH IjAKOTA 
1 rt [>J> >■ OT A 

nomh M^<^0TA 

MOR>Th iJAi^OTa 
.MO l^FM DAKOTA 
north Oai<OTA 
NO<?Ti-f UAhOTA 
MO» 1 H OAK OTA 
NOR I H UaI'OIA 
NORTH DAKOTA 
SOUTH DAKOTA 
SOUTH DAKOTA 
NOhTh DAKfjTA 
rjORTh DAKOTA 
SOUTH DAKOTA 
SOUTH Ui’KOTA 
SOUTH IMivOTA 
SOUTH nAK(HA 
SOUTH DAKOTA 
SOUTH DAKOTA 
SOUTH DAKOTA 
SOUTH DAKOTA 


SOUTH CLNTkaL 
SUMTH> CENTRAL 
SOUTH CENTRAL 
SOUTH CENTRAL 
SOUTH CENTRAL 
SOUTH CLNThAL 
SOUTH central 

northwest 
kORTmWESI 
NOhTHVIEST 
r^OnTHWEST 
mQR TmwI: S 1 
IiORTHWb'S I 
'‘OH Triwtb I 
N(JK fDWh '> I- 

Wb ‘.T C\ >j fPAL 
I^OK IH .41 S i 
I' OHTMvib ^ i 
vDh'^T CTnTkAL 
’/LST CE-NTh/.L 
*«F ST C^* N Thai 
NOR I rlwhS 1 
•irST ONTt^Al 
wbST CMilHAL 
V;T‘'T OnTw/'L 
OtST O-nTRAL 
SOUTH (KnIkAL 
SUUTHWLS I- 

WEST CFuTraL 
wt-sT Central 
SOUTH (.ENTkaL 
SOUTH central 
soutmwE si 

SOUTH CENTRAL 
SOUTH uf-NfwAL 
SOUTH C ENTR AL 
SOUTH central 
SOUTH cEnTrAL 
‘\iORThwcbT 
HORTnWtST 
SOUTH central 

south central 

h'ORThwF S I 
nORT HwhS I 
NOr 1 H wF s I 
ivORF'^WtSI 
hORl HivhST 
mORT HwEsI 
NOHTHWhS I 

northwest 


COUNTY 

MtLLETTE 

' mfllette 

MELLETTE 

TODD 

TODD 

TODD 

TODD 

OIVIHE 

DIVIDE 

DIVIDF 

MOUNTRAIL 

WILLIAMS 

WILLIAMS 

DlViOh 

MOlJNTRfi IL 

M( kFM/IF 

WILLIAMS 

MUUNl RA ll 

DUNN 

DUNN 

M( KEN2IF 
MUUNTt<A 1 L 
mFHCF R 
LiliNN 
DUNN' 

DUNN 
mijkT on 

STARK 

DUNN 

mi-rcer 

GRANT 

URANT 

STARK 

MORTON 

GRANT 

Grant 

grant 

grant 

CORSON 

CORSON 

SIOUX 

SIOUX 

CORSON 

OF WEY 

CORSON 

CORSON 

OF WEY 

DhwEY 

UFWEY 

DF WbY 


SOIL SLOUEnTIAL 

CLASS NO. 


1 

1 

1 

3 

3 

3 

3 

1 

1 

1 

3 

1 

1 

1 

T 

1 

3 

3 

4 
3 

A 

I 

1 

3 

3 

3 

3 

1 

1 

3 

3 

1 

1 

1 

3 

1 

3 

3 

1 

3 

3 

3 

3 

3 

3 

3 

1 

1 

1 

I 


7->i 

7S? 

7S3 

7S^ 

755 

7 5 6 

757 
7Hft 
7S9 
7 HU‘ 
7f>l 
76?' 
7h3 
7^.A 
76 S 
76 G 
7^7 
7 GR 
7GR 
7.7 0 
771 
7 7/^ 

7 73 
( 7 A 
77 S 
'7 76 

777 
7 7H 
7JS 
7rt0 
7H1 
7rt? 
7A3 

7HA 

7'HS 

7rt7 

780 

739 

7RD 

791 

79? 

793 

794 
79b 

796 

797 

798 
T9 9 
800 
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' T ' 

J 

K 

LAT, 

1 nw 


SI AT^ 

CHOP RtP. DlsT. 

COUNTY 

SOIL 

CLASS 

SEQUENTIAL 

NO. 


35A 

1 

44 ,75-‘^ 

j • .70W 

50«JTH 

DAKOTA 

ht'ST LFNT^vaL 

STANLEY 

1 

801 

??0 

354 

2 

44. 71^' 

1 0 0.95W 

SOUTH 

DAr OTA 

‘ V/E.ST ChNTWAL 

STANLEY 

1 

802. 

??0 

354 

3 

44>69*‘. 

1 '•] .05N 

■ 5«)MTH 

Dakota 

NOHTh^i:^>r 

DbWEY 

1 

803 

??0 

354 

4- 

44.95'i 

1 0(U6 0»'i 

SOUTh 

DAKOTA 

NOPTHV^t«> r 

DEWEY 

1 

804 

?2n 

355 

1 

44.42'* 

1 "ij.si g 

SOUTH 

DAKOTA 

WEST CFNTkal 

STANLEY 

1 

H05 

??0 

355 

? 

44.35 ' 

1 0(J.75\-J 

SOUTH 

DAKfi 1 A 

weST CtHfHAL 

STANLEY 

1 

806 

220 

355 

3 

44.S*3*‘ 

J 'M' * B5'^' 


Ua*' OTA 

V»E5T CFHTdaL 

STANLEY 

1 

807 


355 

4 

44.60^ 

1 00 ,50'm 

SO.J] H 

DAKOl A 

WEST CMs‘T-<al 

STANLEY 

1 

808 


355 

1 

44 . 05^ 

! on. 32V. 

s lUTH 

O/OvOTA 

SOUTH CE.Mfurti: 

■LYMAN 

1 

809 

220 

355 

2 

43.9rtp 

i 'H,.57w 

SOUTH 

DAKOTA 

SOUTH CFNThAL 

JONES 

1 

810 

??0 

35<S 

3 

44. 15^‘ 

10 0.67V. 

soul H 

DAKOTA 

SOUTH (FDTpal 

JONEiS 

1 

811 

??n 

355 

4 

44.23' 

1 oo,41-.> 

S'MMH 

Oak OT /* 

WEST CPNTkaL 

STANLEY 

1 

81? 

??(> 

357 

1 

43.59*'. 

1 ''0.13- 

900 1 H 

DAkOT A 

SOUTH Of* nr HAL 

THIPP 

1 

813 


357 

2 

' 43.52N 

1 no.,3^- .. 

S )>M u 

DAh OTA 

SOUTH CFhUv^AL 

MELLETTE 

i 

814 

220 

357 

3 

43.fifr‘ 

1 Oij .46,1 

sO.M H 

l*AK 0 1 A 

SOUTH CbNlHAL 

JONES 

1 

H15 

??0 

357 

4 

43. R 7'* 

1 'U'.P^A 

s n 1 u 

D/.*-uiT5 

SOUTH OuTpaL 

LYMAN 

r 

815 

220 

355 

1 

43.32'. 

iQ. Q^^ 

rt 

DM U 1 A 

SOiMH CEhThaL 

TPIPP 

3 

817 

220 

351^ 

2 

43.?5n 

1 ti0.20. 

so 1 1 H 

Oi^ «vxl 1 A * 

SOUTH Cr.uTttAL 

TRIPP 

3 

818 

?20 

35« 

3 

43.44*' 

1 O0.?9\ 

SI Ip-* 

OAM> 1 A 

SOUTH OEMhaL 

MbLLLTTE 

1 

819 

??0 

35M 

4 

43»50r< 

1 U1.04V.' 

SMill H 

L*akO 1 0 

SOUTH Ctf\fhAL 

thipp 

1 

820 

2?0 

35*^ 

3 

' 43.07m 

1 0 0 . 1 1 ui 

SOU \ H 

UAKfl \ 4 

SOUTH ten 1 HAL 

TP'IPP 

3 

821 

2?0 

35« 

4 

43. 14^** 

65 < 

S'lu TU 

DAKOl A 

SOUTH (to THAI 

THIPP 

3 

622 

??1 

343 

1 

4H , 09'i 

1 ^ 

1 :) ; \ h 

OAkO T a 

r-owTr-wEs r 

HLJRKL 

1 

623 

221 

343 

2 

4^.01 V 

1 t*?. 50^* 

Mrl,/ 1 h| 

DAKO 1 A 

NOKTHwtS 1 

uokkE 

1 

fi'24 

221 

344 

1 

4R.52^ 

1 

00 M H 

(>AkO 1 A 

nokthwEs r 

HUFKt 

3 

825 

221 

344 

2 

4« ,54'l 

1 f»2.55- 

' iO*.' [ rf 

l^Ai^n \ A 

NOHTHwtSl 

MOUNTRAIL 

1 

825 

221 

344 

3 

4H.7-> j 

1 ^?.5Hv 

Nr") >1 H 

DAKOl A 

wOH ThWES 1 

HUHKh. 

3 

827 

2?1 

344 

4 

4R.R0'' 

1 n’2.4n • 

. I-MH 

Oiir\ 0 1 A 

NORTHWhSl 

HlIRKF 

1 

828 

221 

345 

1 

46, 

1 O-^,05. 

'.(,1 *JH 

OAKOl A 

riOHTHW&ST 

MOUNTRAIL 

1 

8?9 

221 

345 

? 

46.17'' 

1 0 2.33.V 

* •■ [ H 

dako r A 

K'OHTHWEST 

MOUNTRAIL 

1 

830 

221 

345 

3 

46.35V 

l np.4h,.^ 

MU' 7 H 

iJAKO r A 

MOHTHWtS 1 

MUUNTkA IL 

1 

831 

''^21 

345 

4 

46.43' 

1 ..2. 1 7 ^ 

'**0'^' 1 H 

DAKOTA 

ImOhTHWES 1 

MOUNTRATL 

3 

832 

221 

345 

1 

47.57-1 

1 *1 .63*>( 

•:o*'i H 

Dakota 

wtST CrK'TKAL 

MC lean 

i 

833 

221 

346 

2 

47.60' 

!■ 2.U 

i-T rh 

DA" 01 A 

i^EST CFNThaL 

MC LEAN 

1 

634 

221 

346 

3 

47.96‘j 

W 2.2?> 

•0*‘TU 

Dakota 

U0HTH9ES1 

MfiUNTRAlL 

1 

835 

221 

346 

4 

46.05** 

1 0 1 . 94 

' 1 M 

DAKOTA 

NOR fhwtSl 

MOUNTRAIL 

,1 

H36 

221 

347 

1 

47.50'' 

1* 1.51.- 

*'.M -1 t. 

DAKOTA 

irh5T CKMTwAL 

RCFR 

. 1 

837 

??] 

347 

2 

47.43* 

1 n .66*^ 

• I'll-* 

{>4Kt)TA 

wtST CtNTHAL 

FitiKCPR * 

1 

838 

221 

347 

3 

47.51m 

1 ■» 1 .99*' 

0*1 11- 

DAKOTA 

vnFST C^-frTPAL 

nr lean 

1 

839 

221 

347 

4 

47.59-' 

1 ^‘1 .72- 

. 0 * 1 i* 

(;AK0TA 

f ST C*- nTh Al 

LEAN 

1 

840 

221 

J4H 

1 

47.13' 

, 1 '' I . 39 

'0 1 t- 

OmkOTA 

WfST LruT^^AL 

Ul IVtk 

3 

H4 1 

221 

346 

2 

47.05 . 

I'M. 57 - 

*. ■ 1 »- 

DAKOl A 

'*'tST cfmtkai 

OLlVhH 

1 

H4? 

221 

34R 

3 

47.2<**J 

1"1 .77* 

,n iH 

DAKOTA 

west CfNTKAL 

mFkCEH 

1 

843 

221 

346 

4 

47.32r 

1* 1 .50 » 

N>ri , \ 

(DAKOTA 

wi-ST CFMTPaL 

MFKCtR 

3 

844 

221 

349 

1 

45.75'* 

r 1 .15 ' 

»0* Th 

OakOT a 

SOUTH CENT HAL 

MORTON 

3 

M4.S 

221 

349 

2 

45 . 5'J^■ 

1 M .4‘^**' 

^,n 1 H 

Dakota 

SOUTH L'^NTPAL 

I'UM'TON , 

3 

846 

221 

349 

3 

4^,67'* 

1 M .5a, 

v!«> 1 n 

DAKOTA 

SOUTH L(*'\iTHAL 

MCyRTON 

1 

847 

221 

349 

4 

45. 9s' 

1 0 l' . 29 , 

\ n j H 

DAKOl A 

SOUTH (FnThAL 

fU^RTON 

1 

848 

221 

350 

1 

45. V-'- 

1 ' I'u . 

^’U * 1 h 

Dakota 

SOU FH { ENT H AL 

SiOUA 

4 

849 

221 

350 

2 

45, 32N 

1 ‘1 .2^- 

Ml).- I H 

Dakota 

SOUTH ChNTHAL 

bRANT 

3 

850 
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T 

J 

K 

LAT 

LON 


STATF 

?*P1 


3 

46.50^■ 

l^J .350 

^'0•M h 

OAKOlt^ 


340 

4 

46..4^"J‘* 

1^1 

\ P 

DAKOTA 

'^21 

351 

1 

46,^V‘ , 

.130.77-v 

NO*'' T N 

TJ^KOTA 



2 

45.«^5’ ’ 

1 1.04''- 

50tn M 

l)A^aTA 

??1 

351 

3 

46. 1 

1 *1 .14^> 

NOs< fh 

DAKOTA 

??\ 

351 

4 

46.21‘i 

'0(1. 8 7 V 

NO'^ Ir 

lJA^0TA 

??] 

352 

1 

4S.65^^ 

1 on .57*^ 

SOOTH 

[jAKCn A 


34? 

2 

45.4wf-. 

1 oo ,84w 

50U1 H. 

DAKOTA 


35? 

3 

45.77.'« 

1 i'0.'54v 

SOMTm 

DAKOTA 

??} 

352 

4 

44,Ac^ 

] O0.67»- 

50M1H 

DAKOTA 

??1 

353 

1 

45. 

loo .38 J 

SOUTH 

DAKOTA 


343 


45*22‘^’ 

1 no *64vl 

SOUlH 

DAM) T A 

2?1 

353 

J 

45.40M 

1 O0.74W 

south 

DakOT a 

??1 

353 

4 

45.4 

1O0.47W 

SOUTH 

DAKOTA 


154 

1 

44.92N 

lOO.lrt--^ 

SOMIM 

DAKOTA 


354 

? 

44.44M 

M n . 44 *v 

snulH 

D aKi) F A 


154 

3 

45. 03^» 

1 0 0.54 a* 

SOUTH 

DAKOTA 

2?1 

354 

4 

45. ION 

W. n.2Hw 

SOUTH 

T)A*sO T A 

2?1 

355 

1 

4 4. 


souls 

n^AKO F A 

??1 

354 

2 

44, 

loO-25iV 

*<011 1 H 

DAKOT A 


354 

3 

44.67r^ 

1 '‘n*3Svt* 

«;f>u [ h 

DAM‘TA 


354 

4 

44 . 7 3a 

1 IrO.lO^V 

son i H 

DAKOTA 


35h 

1 

44.1'^'-' 

,8W 

'‘'OirTH 

DAKOT A 


15^ 

2 

44.12' 

1 ‘0.06V 

south 

Dakota 

221 

34^ 

3 

44. '^0'-' 

1 'lf». 16**J 

sOii 

A 

221 

35h 

4 

44, 

, QOW 

south 

DAKOTA 

2?1 

357 

1 

43.«2‘ 

*9,631.* 

50-ITH 

DAKOTA 

2?1 

357 

d 

43.75-1 

O^.RHV 

soul ri 

TiakOT A 

221 

357 

3 

43.43- 

i9,97V> 

SOMl H 

t^akota 

2?1 

357 

4 

44.no>' 

39.72H 

soul H 

IIAKO fA 

221 

34f* 

1 

43.4«^r, 

*w.45wi 

snnTH 

DAKOTA 

221 

34f^ 

2 

43.30-J 

~>‘J,70w 

SOUTH 

DAKOTA 

221 

' 354 

3 

43.57r 


SOirfH 

DAKOTA 

?21 

35H 

4 

43.63>, 

59.54W 

SOUTH 

DAKOTA 

221 

35^ 

1 

43. 04* 

^*s#.?7^' 

SOUTH 

Dakota 

2?] 

35Q 

3 

43.20r 

‘-9*61/ 

SOUTH 

DAKOTA 

221 

I4ti 

4 

43, 27- 

99.36 

SOUTH 

DAKOTA 

22? 

344 

1 

4^1. 77^1 

10l.72-‘ 

NO'/ FH 

Dakota 

2?? 

344 

2 

45,64 « 

liOP.OnN 

'ND»^ F H 

DAKOTA 

222 

344 

3 

4^* , 2***^ 

M'?.) lo 

MU - I H 

DAKOTA 

222 

344, 

4 

4A , q^" 

I «1 .R3w 

riU' * T h* 

|J*»K0TA 

22? 

345 

1 

4«.34. 

) 01 .49/' 

NO 'TH 

' DAKOTA 

22? 

34«=. 

? 

4H,32 i 

I-ll .77'v 

1 M 

rJAKOTA 

22? 

344 

3 

46. SI J 

1 n 1 ,89.f 

MO *»TH 

OAkfjTA 

2?? 

345 

4 

4H.56M 

<1 ni ,60 M 

nO‘^Tm 

DAKOTA 

22? 

346 

1 

4rt.02^' 

1 ni .27-1' 

MO-^TH 

DAKOTA 

2?? 

346 

2 

47.^>5N 

VOl .55 1 

MO>/ FH 

UAMITA 

22? 

346 

3, 

45.13‘ 

101.66.. 

NOW 1 M 

DAKOTA 

??? 

346 

4 

4B.2i^' 

101.33. 

NO ^TH 

DA^ OTA 

222’ 

347 

1 

47.65^* 

1^1 .06 I 

MjwTh 

DAKOT A 


CkOPWLH. DIST. 

COUNTY 

SOIL 

CLASS 

sfouenttal 

NO. 

SOUTH C8NTHAL 

grant 

4 

asi 

SOUTH CFNTKAL 

MOhTON 

1 

flS? 

SOUTH CtNTKAL 

SI DUX 

3 

053 

NOHTH^b s T 

CORSON 

1 

fl54 

SOUTH CtNlHAL 

SIOUX 

3 

055 

SOUTH CT-imThAL 

SIOUX 

3 

8S6 

NOT^THWtST 

CORSON 

1 

857 

KOHTHWLST 

CORSON 

3 

85b 

NOPTHwtST 

CORSON 

3 

059 

NOKTHWeST 

CORSON 

1 

860 

NOPTHwtST 

iJl WEY 

1 

861 

NOKTHWLST 

UtwEY 

1 

862 

NORTHWbS r 

UFwEY 

1 

863 

NOHl HWES T 

DFWtY 

1 

864 

CLMHAL 

SULLY 

1 

865 

CKnthal 

SULLY 

1 

066 

MJT' THWbST 

OF wLY 

1 

867 

wq^th CEH TH AL 

ROTTER 

1 

868 

CtNTkAL 

HUSHES ' 

1 

869 

central 

HUOHES 

1 

070 

CFNTR4L 

SULLY 

1 

871 

Cl: NTRAL 

SULLY 


872 

CENTRAL 

HUGHES 

1 

873 

south central 

LYMAN 

1 

874 

wfcST CENTRAL 

STANLEY 

1 

875 

CtNTRAL 

HUGHES 

1 

876 

SOUTH CFNlRAL 

LYMAN 

1 

.877 

SOUTH CENTRAL 

LYMAN 

1 

878 

SOUTH CENTRAL 

LYMAN 

1 

879 

south CENTRAL 

LYMAN 

1 

880 

SOUTH CENTRAL 

GREGORY 

1 

881 

SOUTH CENTRAL 

thipr 

L 

88? 

South central 

TRIPP 

1 

883 

SOUTH central 

LYMAN 

1 

884 

SOUTH CENTRAL 

GREGORY 

3 

885 

SOUTH CENTRAL 

TRIPP 

3 

846, 

SOUTH CENTRAL 

GREGORY 

1 

887 

NOKTH|<ItST 

RENVILLF 

1 . 

B8B 

northwest 

WARD 

1 

B89 

hORTHWESF 

HURKE 

1 

890 

northwest 

KENVILLF 

1 

B91 

N05 fHWEST' 

WARD 

1 

892 

NORTHWEST 

WARD 

1 

893 

(iOnTHwEST 

WARD 

1 

B94 

northwest 

RFNVILLE 

► 1 

895 

northwest 

ward 

1 

B96 

northwest 

ward 

3 

H97 

..lOHTHwEST 

WARD 

3 

B9B 

nOH I hWtSl 

WARD 

1 

H99. 

WEST CENTRAL 

MC LEAN 

1 

900 


REPRODUCIBILITY OP THE 
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I 

J 

K 

LAT 

LON 


6TAFK 

CROP RtP. UIST. 

COUNTV 

SOIL 

CLASS 

SEQUENTIAL 

NO. 

??2 

34 r 

2 ’ 

47.57N 

I01.33W 

NOaTH 

DAKOTA 

WEST CFNTkaL 

KC LEAN 

1 

901 

??? 

347 

3 

47*76N 

101. 44W 

NOPIh 

DAitOTA 

WEST CENTRAL 

HC LEAN 

1 

902 

??,2 

347 

4 

47*fl3w 

101.17W 

NOrfTH 

Dakota 

WEST central 

MC LEAN 

1 

903 

22? 

34^ 

1 

47.?7M 

100.851V 

NOPTH 

Dakota 

WEST CENTRAL 

NC LEAN 

1 

904 

?22 

34P 

? 

47.?f)f« 

1 f) 1 . 1 ?W 

NOPTn 

DAKOTA 

WEST CENTRAL 

OLIVER 

3 

90b 

??.? 

34fl 

3 

47,*^9n 

0.1 .?3a^ 

NOPTH 

DAKOTA 

WEST CENTRAL 

MC lean 

1 

906 

PP2 

34A 

4 

47.4hM 

100. 95*, 

N09TH 

DAKOTA 

WEST central 

MC LEAN 

1 

90 7 

??.? 

349 

1 

46.90M 

100.64-*! 

NOPTH 

UAKOTfl 

south central 

BURLEIGH 

1 

908 

??,? 

349 

2 

46.M3N 

100.91vu 

N0‘>TH 

DAKOTA 

SOUTH central 

MORTON 

3 

909 

?2? 

349 

3 

47.02N 

101,0?s 

nOkTh 

DakOT a 

WEST central 

OLIVER 

3 

910 

?2? 

349 

4 

47*09M 

1 0 0 , 74**^ 

MO'nn 

DAnOTA 

SOUTH CENTRAL 

BURLEIGH 

3 

911 

P22 

3?n 

1 

46 • 53f‘J 

100,44 ^ 

mqpth 

DAKOTA 

SOUTH CEnFi'AL 

EMMONS 

3 

912 

??? 

3S0 

2 

46*4*.M 

mo,71w 

MOP rn 

DAKOTA 

SOUTH central 

SIOUX 

4 

913 

??? 

350 

3 

46 * 

100.81*’ 

NO-»l r* 

CiAKOTA 

SOUTH central 

MORTON 

3 

914 

??? 

350 

4 

46,7?^i 

1 on .54 

Nil ■'1 H 

Ji/Ov f)TA 

50UTH central 

BURLEIGH 

3 

915 

??? 

351 

1 

4S. 1 

1 on.?4 * 

f H 

DAKO PA 

SOUTH CENTRAL 

E“MMONS 

1 

916 

P?? 

'351 

? 

46. noiy, 

1 n 0 , s 1 1 

Mrl^v 1 H 

r A 

SOUTH (hNlRAL 

EFtMONS 

3 

91 7 

??2 

' 3S1 

3 

46.?^r' 

1 00.61 V 

• rt)>« 1 M 

iO*Mi 1 A 

<-OMPh CPnFhAI 

EMMONS 

3 

9 J R 

P2? 

351 

4 

46 • 

4 0 i\ , 34 . 

MO*' Pn 

1 1 A h o ! A 

SOUTH CrhPwAL 

t MMONS 

3 

919 

?2? 

35? 

1 

45,T9r* 

1 00,04 * 

soil] h 

DAi\0 1 A 

N(jOTH CMnIraL 

CAMPBELL 

1 

920 

?P? 

35? 

2 

45, T?!'! 

1 no. '<1 

5*10 1 H 

li^iKO PA 

MOpTH (ENPrAL 

CAMPBELL 

1 

9?1 

P?2 

352 

3 

45,91m 

1 on, 41 1 

SOO In 

DAivOTA 

MTIPTH (t-NPHAl 

CAMPBJ-LL 

1 

92? 

2P? 

35? 

4 

45 , 9MK| 

1 no. 14 

5011] r* 

PJAKOTA 

north central 

CAMPBELL 

1 

9?3 

??? 

353 

1 

45^4?w 


501 rfh 

DAKOTA 

NORPh CtNlHAL 

WALWORTH 

1 

. 924 

P?2 

353 

2 

45,35m 

lon.n*' 

50 n H 

DAKOTA 

NODTH rMJlRAL 

WALWORTH 

1 

9?5 

??? 

363 

3 

45.54*‘i 

ino.?l * 

SOol h 

DAr^OTA 

NOkTh (,KNfny*L 

WALWORTH 

1 

926 

??? 

353 

4 

4 5 , 6 1 N 


501 IT h 

UrtKOl A 

NORTH CE«'rTRAL 

WALWORTH 

1 

927 

?22 

354 

1 

45. ns 1 

tig, 66 4 

5fl.lT»-‘ 

OnKOTA 

NORTH CENIRaL 

POTTER 

i 

928 

P2? 

354 

? 

44.9KJJ 

tig , 92 ‘1 

501 f P»t 

DmK ot a 

foOPTH thNIRAL 

POTTER 

I 

929 

?P? 

354 

3 

45.17-* 

1 on. 0 ? y 

SO«fl t- 

DnK OT A 

north Cr-NThAL 

PoTThR 

1 

930 

?P? 

354 

4 

45,^4m 

99, 76 1 

5riOl M 

D6K OTa 

north central 

POTTER 

1 

9Tl 

??? 

35S 

1 

44 ,6sr 

J9, 40, 

5‘»n I 

DA*'Or A 

CF-NThAL 

HYDL 

1 

932 

P2Z 

355 

2 

4a 

^19, 7a , 

^r)-n 1 

OAi* 0 1 A 

central 

SULLY 

1 

933 

?P? 

35S 

3 

4 A , H 0‘'> 

99,^3 ‘ 

500 1 h 

Dakota 

CLNIrAL 

SULLY 

1 

934 

??? 

355 

4 

44, A 'M 

tig, 57- ’ 

50* 

DAKOTA 

central 

HYDE 

1 

935 

??? 

35^ 

1 

44, 'UN 

'^9.30 

SOOTP 

Dui\(j T A 

central 

HAND 

1 

936 

?2? 

3Bf> 

2 

44,?5m 

99, 5S 

snijpM 

uakPiTA 

central 

hYUE 

1 

937 

??? 

36^^ 

3 

44.4;^'j 

9g,h4 - 

son ] h 

Dakota 

CENTRAL 

HYDE 

1 

938 

??? 

355 

4 

44 , 50 m 

Q9, 3u^ 


DAKOTA 

central 

nYOE 

1 

939 

PP.2 

357 

] 

4 3 , 9 5»v, 

59,1 

5f>iiT4- 

DAKOTA 

CENTRAL 

HPULt 

1 

940 

P?7 

357 

? 

4 T ,8SM 

99,37 

'^O 1 1 

J4KUTA 

SOUTH CEi'jpnAL 

LYMAN 

1 

941 

??? 

357 

3 

44 * n 7’'i 


5*>0 1 1 * 

DAKOTA 

CENTPAl 

buFK ALO 

1 

942 

??2 

357 

4 

4 4,1 3^’ 

‘>g,?i 

'.O 1 1 1- 

OT A 

CEN (RAl 

hUEFALO 

1 

943 

??? 

35f^ 

1 

4 ^,5hn. 

, 94 

SO’ 111* 

|‘* n OT 

central 

BRULE 

1 

944 

??? 

3 *3 A 

2 

41,5Pm 

3g.?a 

S ). 1- 

ioi,\ 01 A 

CE\ TrAI. 

rtr-ULE 

1 

94S 

??P 


3 

43.7f 

<ig , - 

50,. 1 1 

*l»,^ n I A 

CLDWAL 

tit^ULE 

1 

946 

??? 

35H 

4 

43,7^ 4 

, 0 V*. 

5 IMI 

I'lhOT A 

CE’'* r HAL 

HpULF 

1 

947 

PP2 

359 

1 

43.2IH 

98,77 • 

sOol I- 

D4K01 A 

SOUPHE As! 

CHAkLbS MIX 

1 

948 

??? 

359 

? 

43,16w 

99. 0<> ** 

SOnl i ■ 

li AKtl TA 

south Central 

bWLGORY 

1 

949 

P?? 

359 

3 

43.3 

S9, 1 1 , 

'.Om I 

iiak(j1 a 

ROuTM CEU'IIrAL 

ORt OOrtY 

1 

9S0 


A-I-19 



SOIU SEQUENTIAL 


T 

vl 


L ft T 

L^^f 


st-atk 

CHOP HtP'. Ol^T. 

COUNTY 

CLASS 

NO. 

?»?? 

3h9 

4 

43. 4(1 

R6*‘ 

'40U1 H 

UAh OTfl 

soul Mtf: AST 

Charles rix 

1 

9S1 


344 

1 

48.t;ii! 

15- 

M()>^ 1 H> 

bAhOTA 

NOPTh* CHNThAL 

HOTTINFAU 

1 

952 

??3 

344 

P 


1 (U.41*- 


brt*» OT A 

N0'*'TH C»:iVTkAL 

bOTT INEAU 

1 

953 

??3 

34B 

1 

4P .54^1 

1 ftO. ^3-' 

wo ■*! MV 

Dakota 

N08TH ueNTHAL 

^-^C HENRY 

3 

954 

P?3 

34fS 

P 

4H.4 


MO^vTH 

UAI'OTA 

*i08THwP5T 

HEnvILLF 

1 • 

955 

?i?3 


3 

46. 

1 ni .321. 


DAKOIA 

MOPTh CtWTHAL 

BOTTINEAU 

1 

956 

P?3 

34R 

4 

48.73m 

1^.1 .04‘r 


UAaOTA 

NOPTh CKnThAL 

BOTTINEAU 

3 

957 

PP3 

346 

1 

48 • 1 *1''* 

ion. 71- 

mo»- r>^ 

Da'^OTa 

MOPTh CeMTHAL 

MC -HENRY 

1 

9->8 

PP3 

346 

? 

46*n9r.' 

1 no . OQ ( 

’ NO('lH 

n^^o^ 4 

NOPTH CtWTKAL 

MC HENRY 

1 

959 

P?3 

346 

3 

4fi,?MV 

inuio- 

NO’-* f N 

A 

' i\OKT «p£ST 

WARD 

1 

960 

P?3 

346 

4 

4P..3hfJ 

inn-.Rpw 

MO*'Tr- 

hf*i\01 A 

NO' Th CeuTPAL 

MC HENRY 

3 . 

961 

?P3 

347 

1 

47.7^n 

] nn.5o ‘1 

MQwrn 

oaaota 

CfcNlKAL 

ShHHIDAN 

1 

962 

PP3 

347 

? 

47.7?n 

1 no* 7H V 

NO**(Tr 

riAnOI A 

^EST Cf-NIKAL 

MC LEAN 

1 

963 

PP3 

34 7 

3' 

47.«^}n 

1 on.t^Q.v 

NOiMti 

U «4 K 0 1 A' 

MOPTH CKNrKAL 

Mr henry 

1 

9b4 

P^3 

347 

4 

47.«6't 

1 no'.M 1 


t J A K 0 T A 

UOHTri Cr-MTKAL 

MC HENRY 

1 

965 

?P3 


1 

47.4]‘'i 

160.30''i 

M08 rii 

];AMJTA 

CbUlHAL 

SHERIDAN 

3 

966 

PP3 

348 

P 

47.35m 

1O0.5M 

J"' 

DAKOTA 

SOUTH I KNTHAL 

rtUPLEIOH 

1 

9h7 

P?3 

34P 

3 

4 7.63 V’ 

1 nn . 68 1 

NOi^ Th 

oa»vo r 

CLUTHAL 

Sheridan 

3 

968 

P?3 

348 

4 

47.^nM 

1 on. 40 

N>0 t H< 

DnhOTA 

CthTWAL 

ShEhlDAN 

1- 

969 

PP3 

34CJ 

1 

47.(J4m 

1 on. 10 V 

N0^*1 M 

DwisOTA 

SOUTH CtiVfKAL 

HURLEIGH 

1 

970 

^P3 

34S 

2 

46,97>< 

1 on.37’*^ 

NOP FH 

DAKOTA 

SOUTH Ct-HTHAL 

BUHLE IGH 

1 

971 

PP3 

34^ 

3 

47* J 

1 on. 47-f 

NO»MH 

DAKOTA 

SOUTH CtriTPAL 

BURLEIGH 

1 

972 

??3 

349 

4 

47. ^'’•‘1 

1 oit, ?n« 

NOPTH 

DAh 01 A 

SOUTH ceurPAL 

BURLEIGH 

1 

973 


3^0 

1 

4^. 7/1 

qn 

NOPI I-* 

DAKOTA 

SOU THM AS i 

LOGAN 

1 

974 

P?3 

360 

2 


IftO- 17-v 

NOP rn 

DAKOTA 

SOI'TH CP'ITkAL 

Emmons 

1 

975 

P?3 

3S0 

3 

4A.7U' 

inn.?7,’‘ 

MOP Th 

Dakota 

SOUTH CKuThaL 

B'JRLEIGH 

1 

976 

PP.3 

3^0 

4 

4h. ^5' 

1 no. on* 

MOPTH 

DAKOTA 

centpal 

kiooer 

1 

977 

PP3 

3^1 

1 

46. 30**’ 

CQ.70 1 

MOHTm 

DAKOTA 

SOUT^^^A^T 

MC INTOSH 

1 

978 

P?3 

351 

? 

4A.?-:i^* 

-cjq. q / ,, 

MOkIM 

DAKOTA 

SOUTH CrINTPAL 

e.mmons 

1 

979 

P?3 

3bl 

3 

44.43*1 

\ no. 

MOPlh 

DAKOTA 

SOUTH Ct^THAL 

EMMONS 

1 

980 

PP3 

351 

4 

46 • * m*m 

uq.Hi)u< 

WO PI H. 

DAKOTA 

SOUTutASr 

LOGAN 

3 

9H1 

P?3 

353 

1 

45 . 

^9’. 5 1 ‘v 

SOUTH 

DAKOTA 

NOPTri CFNTPAL 

mC HHERSON 

1 

9d2 

PP3 

3^P 

2 

45.»^6ii 

VJ9.7R M 

SOM TH 

DAKOTA 

NOPIh CEmTkAL . 

CAMPBELL 

1 

983 

??3 

35? 

3 

46 . 04’’'i 

'*9. R7M 

mOpTh 

dakota> 

SOUTntAST 

MC INTOSH 

1 

* 984 

PP3 

35? 

4 

46.1 IS 

<^'9.61>^ 

WO"Th 

DakOI a 

SOUTHfcASl 

MC INTOSH 

1 

9hS 

?P3 

353 

1 

45.54.. 

OQ. 3? ‘ 

SOUTH 

DAKOTA 

NORTH CeNTHAL 

EDMUNDS 

1 

986 

PP3 

353 

? 

4«:‘.4^' 

oq. S9 V 

SOUTH 

DAKOTA 

MOPTh CEKiTKAL 

EDMUNDS 

1 

957 

p?3 

353 

3^ 

45 • 67f 

^9, 6HU 

SOUTH 

DAKOTA 

NORTH CfNTPAL 

MC PHEHSON 

1 

988 

??3 

353 

4 

45.7 4. 


SOUTH 

d'ako r A 

north CENThAL ' 

MC PnERSON 

1 

'989 

P?3 

354 

1 

45. 1 

99. 14-- 

SOUTH 

DAKOTA 

NORTH CENThAL 

FAULK 

1 

990 

P?3 

354 

2 

45i,l?'' 

'^9.4(1 V 

SOUTH 

DAKOTA 

NO'^TH CtNTKAL 

FAULK 

1 

991 

PP3 

354 

3 

45.30‘i 

90. 49.V 

SOUTH 

DAKOTA 

NORTH central 

EDMUNDS 

1 

992 

?P3 

354 

4 

45.37m 

99.P3W 

SOUTH 

-DAKOTA 

north central 

EDMUNDS 

1 

993 

PP3 

355 

] 

44.wl^‘ 

'10. qak 

SOUTH 

Dakota 

central 

HAND 

1 

994 

PP3 

355 

2 

44 . 7sm 


SOOTH 

Dakota 

CEnipal 

HAND 

1 

995 

PP3 

355 

3 

44 .<#'r 

’»9.31 ■' 

SOOTH 

DAKOTA 

NORTH XPNIHAL 

FAULK 

1 

996 

PP3 

355 

4 

45.rlO^. 

99.05 ' 

SOUTH 

DAKOTA 

NO'-'TH central 

Faulk 

X 

997 

PP3 

356 

1 

44 . 44^r 

98.7^1 

SOUTH 

DAKOTA 

central 

HAND 

1 

99B 

PP3 

356 

? 

44.3^*s 

'J9. 04 .( 

SOUTH 

DAI* OTA 

central 

HAND 

1 

999 

PP? 

356 

3 

44.5am. 

^<9.13 ; 

SOiJTH^ 

DAKOTA 

Central 

HAND 

1 

1000 


A-I-20 



T 

J 

K 

LAT 

LON 


state 

CROP REP. DIST- 

COUNTY 

SOIL 

CLASS 

SEuUENTIAL 

NO. 

253 

35f* 

4 

44*63N 

98.87^ 

SOUTH 

DAKOTA 

CENTRAL 

HAND 

r 

TOOL 

?23 

3S7 

1 

44.07N 

9ft. 61W 

soi/Th 

DAKOTA 

CENTRAL 

JERAULD 

1 

1002 

??3 

3B7 

2 

44.01N 

9«.ft6w 

SOUTH 

DAKOTA 

CENTRAL 

JERAULD 

1 

1003 

223 

357 

3 

44.19fv^ 

9fi.9S.^ 

SOUTH 

DAKOTA 

CENTRAL 

BUFFALO 

1 

roo4 

?23 

357 

4 

44 ,26^ 

98.69W 

SOUTH 

DAKOTA 

CENTRAL 

BEADLE 

1 

1005 

??3 

*^5fi 

1 

43.70N 

9H.43W 

SOUTH 

DAKOTA 

CENTRAL 

AURORA- 

. 1 

1006 

?23 

35R 

2 

43.64N 

98.69W 

SOUTH 

DAKOTA 

CENTRAL 

AURORA 

1 

1007 

??3 

35B 

3 

43.83M 

9A.7H1V 

SOUTH 

DAKOTA 

CENTRAL 

AURORA 

. 1 

lOOfi 

223 

35 ^ 

4 

43,89N 

98.52»W 

SOUTH 

Dakota 

CENTRAL 

AURORA 

1 

1009 

223 

3SQ 

1 

'43.34N 

9ft.27'w 

SOUTH 

DAKOTA 

SOUTHEAST 

DOUGLAS 

1 

LOlO 

223- 

359 

2 

43.27M 

9P.52'V 

SOUTH 

DAKOTA 

SOUTHEAST 

CHARLES MIX. 

1 

1011 

223 

359 

3 

43.46^J 

9ft ♦ 6 0*^ 

SOUTH 

{DAKOTA 

SOUTHEAST 

DOUGLAS 

1 

1012 

223 

359 

4 

43.52M 

98.35^ 

SOUTH 

'DAhMTA 

SOUTHEAST 

DOUGLAS 

1 

1013 

223 

160 

1 

42,97K* 

98.10^^ 

S[)U1h 

DAKOTA 

S0UTHEAS1 

BONHOMME 

1 

1014 

223 

360 

3 

43*090' 

9ft.43«'i 

south 

DAr 0 TA 

southeast 

CHARLES MIX 

1 

1015 

223 

360 

4 

43.15N 

■dp . Ift.j 

SOUTH 

DAKOTA 

SOUTHEAST 

CHARLES MIX. 

1 

1016 

224 

344 

2 

48*99N 

1 no .H6Mf 

mOHT H 

DAKOTA 

north CENTRAL 

BOTTINEAU 

1 

1017 

224 

345 

1 

48.6BN 

1 0 1) ♦ 3 6 W 

N09T H 

DAKOTA 

north central 

BOTTINEAU 

1 

101ft 

224 

14B 

2 

48.61N 

1 n0.64vr 

N09TH 

DAKOTA 

north CENTRAL 

MC HENRY 

3 

1019 

224 

34«; 

3 

4fl.aON 

10«.7«^v/ 

NOPl H 

Dakota 

NORTH central 

BOTTINEAU 

1 . 

1 020 

224 

34S 

4 

4ft. 87M 

1 nn .47Vf 

nort h 

DAKOTA 

north central 

HOTTINFAU 

1 

1021 

.224 

346 

1 

48 *3001 


NORtH 

DAKOTA 

north central 

PIERCE 

3 

1022 

224 

346 

2 

4H*?30f 

100.43‘v 

NORTH 

DAKOTA 

north central 

MC HENRY 

3 

1023 

224 

346 

3 

4P.4PN 

inn,54v.' 

NOKTh 

OAKOrA 

north central 

MC HENRY 

3 

1024 

224 

346 

4 

48*49H 

1 

NORTH 

DAKOTA 

north central 

PIERCE 

3 

1025 

224. 

347 

1 

47.93N 

99.94 

NORTH 

DAKOTA 

north cfntkal 

PIERCE 

1 

1026 

224 

347 

2 

47*R6iM 

100.22 

NORTH 

DAKOTA 

CENTRAL 

SHERIDAN 

1 

1027 

224 

347 

3 

48.05N 

100.33V 

NORTH 

DAKOTA 

north central 

MC HENRY 

3 

1028 

224 

347 

4 

4fl.nN 

100,0*^ V 

NORTH 

DAKOTA 

T'OPTH central 

PIERCE 

3 

1029 

224 

34R 

1 

47*5SW 

99,74.^; 

NORTH 

Dakota 

central 

WELLS 

1 

1030 

224 

348 

2 


1 0*0.02.*' 

NORTH 

DAKOTA 

CENTRAL 

WELLS 

3 

1031 

224 

348 

3 

4 7 . 6 7 - 

lOO.l?" 

north 

0A^0TA 

CENTRAL 

SHERIDAN 

i 

1032 

224 

348 

4 

47.74W 

^.J9.ft4 M 

NORTH 

DAKOTA 

central 

wtLLS 

1 

1033 

224 

349 

1 

47.1 8^’ 

99.55.*i 

north 

DAKOTA 

CENTRAL 

KIDDER 

3 

1034 

224 

349 

2 

47.11M 

99.8 2mj 

NORTH 

DAKOTA 

CENTRAL 

KIDDER 

3 

-1035 

2?4 

349 

3 

47. 30M 

99 . 91» , 

north 

DAKOTA 

CENTRAL 

KIDDER 

3 

10 36 

??4 

349 

4 

47*36^'^ 

99,64 

north 

DAKOTA 

CENTRAL 

KIDDER 

3 

1037 

2?4 

350 

1 

48 .40*^* 

99,36.. 

no-»th 

DAKOTA 

CENTRAL 

5.LUTSMAN 

1 

1038 

224 

350 

2 

4^, 7^*^' 

99.62. 

MORT H 

DAKOTA 

central 

KIDDER 

1 

1039 

224 

350 

3 

46.92^-: , 

99.72^ 

nO'^th 

DAKOTA 

CbNfRAL 

KIDDER 

3 

1040 

224 

350 

4 

4 

99, 6.8 

north 

DAKOTA 

CENTRAL 

STUTSMAN 

3 

1041 

224 

351 

1 

48.4 3M’ 

9 9 . 1 6 1 1 

• NOR r H 

dak OTA 

SOUTHEAST' 

LOGAN 

3 

1042 

224 

351 

2 

46.36': 

99,4 3 •» 

north 

DAKOTA 

southeast 

LOGAN 

3 

1043 

224 

351 

3 

4m.58M 

>9.53 - 

NORTH 

Dakota 

SOUlHh AS i 

LOGAN 

3 

1044 

224 

351 

4 

46.61 *1 

N9.2A. 

NORTH 

DAKOI A 

'^Ou I HF AS 1 

LOGpN 

3 

1045 

224 

352 

1 

46.06'^ 

98.97 j 

NORTH 

DAKOTA 

SOUTHF AS 1 

dickey 

3 

1046 

224 

35? 

2 

4^; . Q^4•ll 

>9,24*. 

SOU I H 

DAKOTA 

NORTH (h-Mf^AL 

MC PHKRSON 

1 

1047 

224 

35? 

3 

46. 1 

90, , 

NO-»TH 

Dakota 

southeast 

MC IN TOSH 

3 

104ft 

224 

352 

4 

4 8 . P 4 1 'l 

^ 9,07 9 

NORTH 

DAKOTA 

SOUTHEAST 

MC INTOSH 

1 

1049 

?24 

353 

1 

45.68ft’ 

-i«. 79 - 

>0UTH 

DAKOTA 

north Tj-nTRAL 

mC PHfPSON 

1 

1050 
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J K LiT LOh 


??4 

353 

2 

45.62W 

9S.06 • 

??4, 

353 

3 

45*nOM 

99.15V 

7R4 

353 

4 

45*R7M 

O W , K 

?24 

354 

1 

45.31''! 

9P.61 • 

734 

354 

2 

45.25^‘ 

9rt. 84^1 

7?4 

354 

.3 

45-43N 

Qb.971* 

??4 

354 

4 

4S.49N 

X 

a 

^?4 

355 

1 

44 .Q<fN 

Oft, 4 3^' 

??4 

355 

2 

44,57tJ 

9«.70\ 

7?4 

355 

3 

45. f>6N 

9ft. 70'. 

?24 

355 

4 

45.1 2^ 

QH.S?-* 

??4 

356 

1 

44.57.N 

9«.2*‘ 

??4 

3Sfi 

? 

4 4 ^ s n 

. 

224 

35f» 

3 

44.69^! 

Oft. 61 ' 

??4' 

356 

*¥ 

44.75N , 

0ft.3S‘j 

??4 

357 

1 

44.19N 


2?4 

3ST 

2 

44,1 3M 


??4 

357 

3 

44.32N 

CJ8.43‘. 

??4 

357 

4 

44.38N 

Oft. lft‘ 


3SP 

1 

43.R2N 

07. 92-. 


35P 

2 

43.76N 

9ft. 1ft v 

224 

35H 

3 

43.Q5M 

9ft»26‘*' 

?24 

35R 

4 

44.01N 

9h , 0] w 

??4 

35R 

1 

43*46N ' 

97.76f 

?24 

359 

2 

43*40N 

96.01'“ 

224 

359 

3 

43.58N 

Oft , in-iJ 

224 

359 

4 

43.64N 

97.84*“ 

224 

360 

1 

43.09N 

97.6l)-'f 

224 

360 

2 

43.03N 

07 .BSJ- 

224 

'^60 

3 

43.21N 

'o7.93»^ 

224 

360 

4 

4^,?7M- 

Q7'.6Bi*r 

??4 

361 

4 

42.-90N ‘ 

97.5?h 

225 

345 

1' 

48.82N 

og.79>»» 

225 

345 

2 

4M.75N 

1 no. OTrJ 

??s 

345 

3 

4K.94N 

1 OO.lftR 

225 

345 

4 

49.01N 


22*5 

346 

1 

4M.44N 

Q9.5M<.* 

225 

346 

2' 

4ft. 37N 

09.87W 

225 

346 

. 3 

4R.56N 

99 . 97.1 

225 

346 

4 

4B.63N 

'09.6ft ^ 

225 

347 

1 

4«. 06N 

09.38/' 

225 

347 

2 

47.99N 

99.66*4 

225 

347 

3 

4R.18N 

99.77.M 

225 

347 

4 

4ft. 2SN 

99.4B»>f' 

225 

34fi 

1 

47.6BN 

9.9 . 1 9m 

225 

348 

2 

47.62N 

99.46k 

225 

348 

3 

47.81N 

99.56-* 

225 

348 

4 

47.87N 

' 99.28W 

225. 

349 

1 

47.31M 

98;99uf 

225 

349 

2 

47.24W 

99.27W 


STATE CHOP RtR.DISl. 

<;Oinri Dakota NOMTM CbNfkAL 

«-n'/Trt Dakota nohth central 

so^jth Dakota north central 

c;OmTH DAKOTA NORTH CENTRAL 

SOUTH Dakota north central 

SOHIH' DAKOTA NORTH CENTRAL 

COUTH i^AKOTA north CENTRAL 

SOUTH DAKOTA NORTH CENTRAL 

SOUTH UAKOTa north CENTRAL 

CiViTH OAkOTA NORTH CENTRAL 

SOUTH DAKOTA north CENTRAL 

S.luTh DAKOTA CENTRAL 

snuiH DAKOTA central 

SuujH Dakota NORTH CENTRAL 

COmTH iJAKOT^i NORTH CENTRAL 

south DAfOTA tAST CENTRAL 

couii. Dakota CEnTPAl 

SOUTH UAkOT<» CENTRAL 

south DAKOTA central 

DAKOTA EAST CENTRAL 

SOUlH uakota east central 

t^OMTH l^AKOTA EAST CENTRAL 

SOijTH DAKOTA EAST CENTRAL 

SOUTH Dakota southeast 

SOUTH- DAKOTA SOUTHEAST 

SOUTH DAKOTA EAST CENTRAL 

SOUTH DAKOTA EAST CENTRAL 

SOUTH DAKOTA SOUTHEAST 

SOIJTH DAhOjA SOUTKE-AST 

SOUTH Dakota SOUTHEAST - 

SOUTH DAKOTA SOUTHEAST 

south DAKOTA SOUTHEAST 

DAKOTA WORTH CENTRAL 

north Dakota north central 

NORTH Dakota nurTH CEnTRAL 

north Dakota north central 

NORTH DAKOTA NORTH CENTRAL 

NORTH DAKOTA NORTH CENTRAL 

NORTH DAKOTA NORTH CENTRAL 

MOPTH DAKOTA NORTH CENTRAL 

NORTH DAKOTA NORTH CENTRAL 

NO^^TH DAKOTA NORTH CENTRAL 

north DAKOTA NORTH CENTRAL 

north DAKOTA NORTH CENTRAL 

NOR1H DAKOTA CENTRAL 

month DAKOTA CENTRAL 

north DAKOTA central 

WOPTH DAKOTA NORTH CENTRAL 

north DAKOTA^ CENTRAL 

NOHTH DAKOTA CENTRAL 



SOIL 

SEQUENTIAL 

COUNT-Y' 

CLASS 

NO, 

EDMUNDS 

1 

1051 

MC PHfcPSON 

1 

1052 

MC PHERSOM 

1 

1053 

BROWN 

1 

1054 

FAULK 

1 

1055 

EDMUNDS 

1 

1056 

BROWN 

1 

1057 

SPINK 

1 

1058 

SPINK 

1 

1059 

FAULK 

1 

1060 

SPINK 

1 

1061* 

BEADLE , 

1 

1062 

BEADLE 

1 

1063 

SPINK 

3 

1064 

SPINK 

1 

1065 

SANbORN 

1 

1066 

JEHAULJJ 

1 

1067 

HEADLE 

1 

1068 

BEADLE 

3‘ 

1069 

HANSOM 

I 

1070 

DAVIDSON 

1 

1071 

SANBORN 

1 

1072 

SANBORN 

1 

1073 

HUTCHINSON 

1 

1074 

HUTCHINSON 

’ 1 

1075 

DAVISON 

1 

1076 

HANSON 

1 

1077 

YANKTON 

1 

1078 

eoNHOMME 

' 1 

1079 

HUTCHINSON 

1 

1080 

HUTCHINSON 

'1 

1081 

YANKTON 

1 

1082 

ROLETTE 

1 

1083 

ROLETTE - 

3 

1084 

ROLETTE 

1 

1085 

ROLETTE 

1 

1086 

PIERCE 

• 1 

1087 

PIERCE 

3 

1088 

PIERCE 

3 

1089 

ROLETTE. 

1 

1090 

BENSON 

1 

■ 1091 

BENSON 

1 

1092 

BENSON 

1 

1093 

BENSON 

1 

1094 

EDDY 

1 

1095 

WELLS 

1 

1096 

WELLS 

1 

1097 

HFNSON 

1 

1096 

STUTSMAN 

1 

1099 

STUTSMAN 

3 

1100 ’ 


\ 
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I 

J 

K 

LAT 

LOM 


STATE 

CROP REP.‘ DIST. 

COUNTY 

SOIL 

CLASS 

SEQUENTIAL 

NO. 


34^) 

3 

47*43M 

99.37‘v 

MOPTH 

DAKOTA 

CENTRAL 

WELLS 

1 

uai 


349 

4 

47.50N 

99.09W 

HOPTH 

DAKOTA 

central* 

FOSTER 

2 

1102 

??5 

350 

1' 

46.93N 

9A.«0W 

NOPTH 

DAKOTA 

central 

STUTSMAN^ 

1 

1103 


350 

2‘ 

46.P7N 

99. O0M( 

north 

DAKOTA 

central 

STUTSMAN 

1 

1204 

5^25 

350 

3 

47*05N’ 

99. 17^? 

north 

DAKOTA 

CENTRAL 

STUTSMAN 

1 

1105 

225 

350 

4 

47,12N 

9r.90'^ 

NORTH 

-DAKOTA 

CENTRAL 

STUTSMAN 

. 1 

1106 

??5 

352 

1 

46*56M 

9R.6?V/ 

north 

DAKOTA 

SOUTHEAST 

LA MOURE 

1 

xro7 

♦ ?25 

351 

2 

46*49N 

98.B9♦-^ 

NORTH 

DAKOTA 

SOUTHEAST 

LA MOURE 

1 

1108 

?25 

351 

3 

46.6BN 

9e.96w 

north 

DAKOTA 

central 

STUTSMAN 

1 

1109 

225 

351 

4 

46»74N 

9B.7I^^^ 

NOR1H 

DAKOTA 

CENTRAL 

STUTSMAN 

T 

mo 

225 

35? 

1 

46,1«N 

98.43W 

north 

DAKOTA 

SOUTHEAST 

OICKE'Y 

1 

mi 

2?S 

352 

2 

46.12M 

90.71 i 

north 

DAKOTA 

SOUTHEAST 

DICKEY 

1 

1112 

??5 

35? 

3 

46*30M 

98.0Oirf 

NORTH 

DAKOTA 

SOUTHEAST 

DICKEY 

1 

1113 

??5 

35? 

4 

46.37« 

98.53W 

NORTH 

DAKOTA 

SOUTHEAST 

LA MOURE 

1 

H14 

2?5 

353 

1 

45.0lh» 

98.26W 

SOU1H 

DAKOTA 

NORTH CENTRAL 

BROWN 

3’ 

1115 

225 

353 

2 

45.74N 

9B.5?i^ 

SOUTH- 

DA^ OTA 

NORTH central 

BROWN 

1 

ni6 

225 

353 

3 

45*93M 

90.61W 

SOUTH 

DAKOTA 

NORTH central 

BROWN 

1 

1117 

225 

353 

4 

45*99N 

90.351^ 

SOUTH 

DAKOTA 

NORTH CENTRAL 

BROWN 

1 

IHB 

2?5 

354 

1 

45*43m 

98.O0W 

SOUTH 

DAKOTA 

NORTH CENTRAL 

BROWN 

i 

ni9 

225 

354 

2 

45,37n‘ 

90,3SW 

SOUTH 

DAKOTA 

NORTH CENTRAL 

BROWN 

1 

1120 

?25 

354 

3 

45*56^», 

90.43W 

SOUTH 

DAKOTA 

NORTH CENTRAL 

BROWN 

1 

ll'21 

225 

354 

4 

45.62N 

98.17»? 

SOUTH 

DAKOTA 

north central 

BROWN ‘ 

1 

1122 

225 

355 

2 

45,06M 

97.91wf 

SOUTH 

DAKOTA 

northeast 

CLARK 

1 

1123 

?25 

355 

2 

45,00M 

98.1.TW 

SOUTH 

DAKOTA 

NORTH CENTRAL 

SPINK 

1 

1124 

2?5 

355 

3 

45,16N 

90.26W 

SOUTH 

DAKOTA 

north central 

SPINK 

1 

1125 

225 

355 

4 

45,25N 

97.99i( 

SOUTH 

DAKOTA 

NORTHEAST 

DAY 

1 

1126 

225 

356 

1 

44. 69^^ 

97.74VI 

SOUTH 

DAKOTA 

NORTHEAST 

CLARK 

i 

1127 

?25 

356 

2 

44.63N' 

98.00W 

SOUTH 

DAKOTA 

’CENTRAL 

BEADLE 

1 

1128 

225 

356 

3^ 

44.0l^’ 

98.09i»i 

SOUTH 

DAKOTA 

NORTH CENTRAL 

SPINK 

I 

1129 

??5 

356 

4 

44,0?H 

97.8?*^ 

SOUTH. DAKOTA 

NORTHEAST 

CLARK 

I 

1130 

225 

357 

1 

44.319 

97.57i^ 

SOUTH, 

DAKOTA 

EAST CENTRAL 

KINGSBURY 

1 

1131 

225 

357 

2 

44.259 

97.83!^f 

SOUTH 

DAKOTA 

EAST- CFNTRAL 

KINGSBURY 

i 

U32 

225 

357 

3 

44.449 


SOUTH 

DAKOTA 

central 

SEAPLE 

l 

U33 

225 

357 

4 

44. 

97.66W 

SOUTH- 

DAKOTA 

EAST CENTRAL 

KINGSBURY 

1 

1134 

225 

356 

1 

43.949 

97.4V-*i 

SOUTH 

DAKOTA , 

EAST CENTRAL 

MINER 

I 

1135 

225 

358 

2 


9?.67^v 

SOUTH 

DAKOTA 

FAST CENTRAL 

miner 

2 

U36 

??5 

350 

3^ 

44.07N 

97.75>' 

SOUTH 

DAKOTA 

EAST CENTRAL 

miner 

1 

1137 

225 

35P. 

4 

44.13M 

97. 4 9^^.* 

SOUTH 

DAKOTA 

EAST central 

miner 

1 

U38 

225 

359 

1 

43.579 

9 7.25'^ 

SOUTH 

'DAKOTA 

EAST CENTRAL 

MC COOK 

1 

1139 

225 

359 

2 

43.519 

97.51 

SOUTH 

DAKOTA 

EAST CENTRAL 

MC COOK 

1 

1140 

??5 

359 

3 

43.709 

97. 59^* 

SOUTH 

DAKOTA 

EAST CENTRAL 

MC COOK 

1 

1141 

225 

359 

4 

43.769 - 

97.33'- 

SOUTH 

DAKOTA 

east central 

MC COOK 

1 

U42 

?25 

360 

1 

43.20W * 

97.09 J 

SOUTH 

DAKOTA 

southeast 

TURNER 

1 

1143 

225 

360 

2. 

43. 14M 

97.35-'^ 

SOUTH 

Dakota 

SOUTHEAST 

YANKTON 

1 

1144 

225 

360 

3 

43.33W 

9 7.43'-^ 

SOUTH 

DAKOTA' 

SOUTHEAST 

TURNER 

1- 

2145 

225 

360 

4 

43.39W 

97.17W 

90HTH 

DAKOTA 

SOUTHEAST 

TURNER 

1 

1146 

' 225 

361 

1 

42. 031* 

06.94«^ 

SOUTH 

DAKOTA 

southeast 

CLAY 

1 

1147 

225 

361 

3- 

42.96M 

97-.27VJ 

SOUTH 

DAKOTA 

SOUTHEAST 

YANKTON 

1 

1148 

225 

361 

4 

43.02M 

97.0? i 

SOUTH 

Dakota 

SOUTHEAST 

CLAY 

V 

1149 

226 

345 

1 

40.95M. 

99.229* 

NO'fTH 

Dakota 

NORTHEAST 

TOWNER 

3 

1150 
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J 

K 

l&J 

LON 


345 

? 

4ft .H9M 

99.50^' 

??6 

346 

1 

4ft. 57^' 

99.01V 

226 

346 

E 

4tt*5lM 

99. 30 

P26 

346 

3 

4el7fi^l 

99.40 -f 

?26 

346 

4 

48.76'^ 

Q9.11 

??6 

347 

1 

4ft. 1 9N‘ 

Qft.fi? % 


347' 

2 

4fi * 1 3 m 

99.10rt' 

?26 

347 

3 

4ft. 3?w 

Q9.?0’<i 

?26 

347 

4 

4ft. ^BN 

■9P.91 

??6 

34fl 

1 

47'.ftlM 

9ft.6?-i 

226 

34B 

2' 

47.75M 

Oft. 90 ^! 

??6 

34B 

3 

47.ft4N 

99.00 l 

??6 

34fl 

4 

4ft.00^< 

9ft. 7? -s 

226 

349 

1 

47.44N5 

Qft .41 « 

2?6 

14^ 

2 

47.37^^ 

9fl.7l’V 

?26 

349 

3 

47.56H 

Qfi.ftU' 

??6 

349 

4 

47.62N 

9R.63K 

?26 

350 

1 

47.06M 

9R.2S.« 

226 

350 

2 

46.99V 

9ft. 53^1 

??6 

350 

3 

47. 18^! 

9ft .6?y 

?26 

350 

' 4 

47.25hf 

9t^.34N 

??6 

351 

1 

46.68N 

9ft.07vJ 

??fi 

351 

2 

46.6?^■ 

98.34W 

??6 

351 

3 

46,ftlM ‘ 

^8.43\^ 

2?6 

351 

4 

46.ft7V 

9H.16VS 

??h 

352 

1' 

'46. 3 ON 

97.R9-? 

??6 

35? 

2 

46.24N 

98.16VI 

??6 

35? 

3 

46.43N 

Qft,?5lC 

??6 

35? 

4 

46.49N 

97. 98^' 

?P6 

353 

1 

4S.93N 

97.7?'' 

P?6 

353 


45.R7M 

97.9J91' 

??6 

353 

3 

46. 05N 

9ft. OfiW 

??6 

353 

4 

46. 12M 

97.ftft’'/ 

??6 

354 

1 

45.55M 

97 . 

??6 

354 

2 

45.49N 

Q7.H1W 

P?6 

354 

3 

4 5. 6 ft M 

97.901V 

??6 

354 

4 

45.74M 

07.63f 

?2fc 

355 

1 

4^;. IftM 

Q7.3ft-.‘ 

^>?6 

355 

2 

4S.1PN ' 

97.649 

??6 

355 

3 

45.31M 

97.73VJ 

226 

355 

4 

45.36N' 

97.46•^/ 

2?6 

356 

1 

44.ftnN 

97.21- 

?26 

356 

2 

44.75N 

97.4H»f) 

??6 

356 

3 

44.93N 

97.56W 

??6 

356 

4. 

44.99N 

97.30v^ 

??6 

357 

1 

44.4 3N 

97.05W 

??,b 

357 

2 

44.37^' 

. 97.3li^ 

??6 

357 

3' 

44.S6M 

97.39-1 

??6 

357 

4 

44.62N 

97 . 13 a 

??6 

35ft 

1 

44.06N 

96.89'V 



STATE 

CROP REP. OIST. 

N09TH 

OAKOTA 

NORTHEAST • 

M091H 

Dakota 

NOHlHEASr 

NOftlH 

UAnOTA 

northeast 

N09TH 

DAKOTA 

NORTHEAST 

NQWTH. 

DAKOTA 

N0KTH£A5T 

NORThi 

DAKOTA 

northeast 

M09TH 

DAKOTA 

northeast 

NOyfH 

DAKOTA 

NORTHEAST 


DAKOTA 

NQRTHFAST 

NOkTH 

DAKOTA 

central 

MOftlH 

DAKOTA 

CENTRAL 

WOPTH 

DAKOTA 

north CtNTKAL 

NOPTh 

DAKOTA 

■NORTH central 

nOpTh 

DAKOTA 

EAST central 

north 

DAKOTA 

CENTRAL 

MOP fH 'DAKOTA 

CENTRAL 

north 

DAKOTA 

east central 

NO 9 FH 

DAKOTA 

E.AST CENTRAL 

nouth 

DAKOTA 

CENTRAL 

north 

DAKOTA 

CENTRAL 

NORth 

DAKOTA 

EAST central 

north 

DAKOTA 

SOUTHEAST 

NO^^Th 

DAKOTA 

SOUThEASl 

north 

DAKOTA 

EAST CENTRAL 

i.iOhTH 

DAKOTA 

EAST CENTRAL 

NORTH 

DAKOTA 

SOUTHEAST 

NOkTH 

DAKOTA 

SOUTHEAST 

NORTH 

DAKOTA 

SOUTHEAST 

north 

DAKOTA 

SOUTHEAST 

SOUTH 

DAKOTA 

NORTHEAST 

SOUTH 

DAKOTA 

NORTHEAST . 

north 

DAKOTA 

SOUTHEAST 

north 

Dakota 

SOUTHEAST 

SOUTH 

DAKOTA 

NORTHEAST 

SOUTH 

DAKOTA 

NORTHEAST 

SOUTH 

DAKOTA 

NORTHEAST 

south 

DAKOTA 

NORTHEAST 

SOUTH 

DAKOTA 

NORTHEAST 

SOUTH 

DAKOTA 

NORTHEAST 

SOUTH 

DAKOTA 

.NORTHEAST 

SOUTH 

DAKOTA 

northeast 

SOUTH 

DAKOTA 

NORTHEAST 

SOUTH 

DAKOTA 

' northeast 

SOUTH 

DAKOTA 

NORTHEAST 

SOUTH 

DAKOTA 

northeast 

SOUTH 

DAKOTA 

EAST CENTRAL 

SOUTH 

DAKOTA 

EAST CENTRAL 

soul H 

DAKOTA 

' EAST CENTRAL 

SOUTH 

DAKOTA 

NORTHEAST 

SOUTH 

DAKOTA 

EAST CENTRAL 



SOIL 

SEQUENTIAL 

COUNTY 

XLASS 

NO. 

TOWNER 

1 

1151 

TOWNER 

3 

115? 

TOWNER 

3 

1153 

TOWNER 

1 

1154 

TOWNER 

3 

1155 

RAMSEY 

1 

1156 

RAMSEY 

1 

1157 

RAMSEY 

1 

llSft 

RAMSEY 

1 

1159 

EDDY 

1 

1160 

EDDY 

3 

1T61 

bFNSON 

1 

1162 

BENSON 

1 

1163 

GRIOGS 

3 

1164 

FOSTER 

1 

11 6S 

FOSTER 

1 

1166 

GRIGGS 

1 

1167 

HARNES 

3 

116ft 

STUTSMAN 

1 

1169 

STUTSMAN 

1 

1170 

BARNES 

3 

ihn 

LA MOURE 

1 

1172 

LA MOURE 

1 

1173 

BARNES 

1 

1174 

BARNES 

1 

1175 

SARGENT 

1 

1176 

OICKEV 

1 

1177 

LA MOURE 

1 

1178 

RANSOM 

1 

1179 

MARSHALL 

1 

1180 

marshall 

3 , 

lift! 

DICKEY 

3’ 

118? 

SARGENT 

3 

1183 

DAY 

1 

1184 

DAY 

1 

1165 

MARSHALL 

1 

1186 

MARSHALL 

1 

1187 

CODINGTON 

1 

1188 

CLARK 

1 

Hft9 

DAY 

1 

1190 

DAY 

1 

n'91 

HAMLIN 

1 

M92 

HAMLIN 

1 

1193 

CLARK 

1 

1194 

CODINGTON 

1 

1195 

8W00KINGS 

1 

1196 

KINGSBURY 

1 

1197 

KINGSBURY 

1 

119P 

HAMLIN 

1 

1199 

MOODY 

L 

1200 
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, I 

J 

K 

L4T 

LON 


STATE 

CROP REP. DIST. 

COUNTY 

SOIL 

CLASS 

SEQUENTIAL 

NO. 


358 

2 

44, n'oN 

97.1SW 

SniJTH 

DAKOTA 

EAST CENTRAL 

LAKE 

T 

1201 

Pde 

358 

3 

44. 19N 

97.23W 

SOUTH 

DAKOTA 

EAST CENTRAL 

LAKE 

1 

1202 


358 

4 

44.?4^i 

96.97l«# 

SOIJTH 

DAKOTA 

EAST central 

BROOKINGS 

1 

120 3 

^26 

359 

1 

43.69N 

96.74'V 

'SOUTH 

DAKOTA 

EAST CENTRAL 

MINNEHAHA 

1 

1204 


359 

2 

43*63H * 

96.99W 

SOUTH 

DAKOTA 

EAST CENTRAL 

MINNEH/iHA 

1 

1205 

226 

359 

3 

43.811V 

Q7.07V/ 

SOUTH 

DAKOTA 

EAST CENTRAL 

LAKE 

1 

1206 

??6 

359 

4 

43.B7M 

96.82U, 

SOUTH 

DAKOTA 

EAST CENTRAL 

MOODY 

1 

1207 

?26 

360 

1 

43.31M 

9h.58w 

SOUTH 

DAKOTA' 

SOUTHEAST 

LINCOLN 

1 

1208 

??6 

360 

2 

43.26M 

96.R4-J 

SOUTH 

DAKOTA 

SOUTHEAST 

LINCOLN 

1 

1209 

2?f 

360 

3 

43.44W 

96.9?»m 

soeJTH 

DAKOTA 

SOUTHEAST 

LINCOLN 

1 

leio 

2?6 

360 

4 

43.50N 

96.66W 

SOUTH 

DAKOTA 

EAST CENTRAL 

MINNEHAHA 

1 

1211 

226 

36 1 

2 

42.89N 

96.69W 

SOUTH 

DAKOTA 

SOUTHEAST 

UNION 

1 

1212- 

226 

361 

3 

43. 07N 

96.76W 

SOUTH 

DAKOTA 

SOUTHEAST 

LINCOLN 

1 

1213 

226 

361 

4 

43. n^^ 

96.S1W 

SOUTH 

DAKOTA 

southeast 

LINCOLN 

1 

1214 

226 

36? 

2 

42.52NI 

96.S4W 

SOUTH 

DAKOTA 

SOUTHEAST 

UNION 

1 

1215 

??6 

36? 

3 

42.70M 

96.61'*/ 

SOUTH 

DAKOTA 

SOUTHEAST 

UNION 

1 

1216 

?27 

346 

1 

48.70N 

9R.43t*( 

N09TH 

’DAKOTA 

NORTHEAST 

Cavalier 

3 

1217 

227 

346 

2 

48.64N 

96.72W 

NOi^TH 

DAKOTA 

NORTHEAST 

CAVALIER 

3 

1218 

227 

346 

3 

4R.R3N 

9B.B2W 

NOf<‘TH 

DAKOTA 

NORTHEAST 

CAVALIER 

3 

1219 

227 

346 

4 

4fl,R9N 

9R.53'J 

NORTH 

DAKOTA 

NORTHEAST 

CAVALIER 

3 

1220 

227 

347 

1 

48.32N 

0B.24V‘< 

north 

DAKOTA 

NORTHEAST 

WALSH 

1 

1221 

227 

347 

2 

48.26M 

98.53vJ 

■ W09JH 

DAKOTA 

NORTHEAST 

RAMSEY 

3 

1222 

227 

347 

3 

48.45M 

.98.63*^ 

NORTH 

DAKOTA 

NORTHEAST 

RAMSEY 

3 

1223 

227 

347 

4 

48. SIN 

98.34*; 

NORTH 

DAKOTA 

NORTHEAST 

RAMSEY 

3 

1224 

227 

348 

1 

47.94M 

98.06W 

NORTH 

DAKOTA 

NORTHEAST 

NELSON 

3 

1225 

227 

348 

2 

47.R8N 

' 98.34VJ 

NORTH 

DAKOTA 

NORTHEAST 

NFLSON . 

1 

1226 

227 

348 

3 

48.07m 

9R.43'J 

NORTH 

DAKOTA 

NORTHEAST 

NELSON 

3 

1227 

??7 

348 

4 

48.13N 

9R. ISW 

NORTH 

DAKOTA 

NORTHEAST 

NELSON 

1 

1228 

227 

349 

1 

47.S6N 

97.87U, 

NORTH DAKOTA 

EAST CENTRAL 

STEELE 

1 

:1229 

227 

349 

2 

47. SON 

98.161*^ 

NORTH 

DAKOTA 

EAST CENTRAL 

GRIGGS 

3 

1230 

227 

349 

3 

‘47.69N 

9R.2SW 

NORTH 

DAKOTA 

EAST CENTRAL 

GRIGGS 

1 

1231 

227 

34Q 

4 

47.7SN 

97.97W 

north 

DAKOTA 

NORTHEAST 

NELSON 

3 

1232 

227 

3b0 

1 

47.18N 

97.69W 

NORTH 

DAKOTA 

EAST CENTRAL 

CASS 

3 

1233 

227 

350 

2 

47.1 

97.97‘V 

north 

DAKOTA 

EAST CENTRAL 

BARNES 

1 

1234 

227 

350 

3 

47.3IM 

9m. 0 6''? 

NORTH 

DAKOTA 

EAST CENTRAL 

GRIGGS 

3 

1235 

227 

350 

4 

47.37M 

Q7.78U; 

NORTH 

DAKOTA 

EAST CENTRAL 

STEELE 

1 

1236 

227 

351 

1 

46. RON 

97. S?!** 

north 

DAKOTA 

EAST central 

CASS 

1 

1237 

227 

351 

2 

46.7^N 

97.79W 

nohth 

DAKOTA 

EAST CENTRAL 

BARNES 

1 

123R 

227 

351 

3 

46.93M 

97.88v.f 

NORTH 

DAKOTA 

EAST central 

BARNES 

1 

1239 

227 

351 

4 

46.99N 

97.61^; 

NORTH 

DAKOTA 

FAST CENTRAL 

CASS 

1 

1240 

227 

35? 

1 

46. ^2N 

Q7.3S'*; 

mqrTh 

DAKOTA 

SOUTHEAST 

RANSOM 

3 

1241 

227 

35? 

2 

46.36N 

97.6?*J 

NORTH 

DAKOTA 

SOUTHEAST 

RANSOM 

1 

1242 

227 

' 352 

3 

46.R5N 

o7.71'v 

NORTH 

DAKOTA 

SOUTHEAST 

RANSOM 

1 

1243 

227 

35? 

4 

46.61M 

97 . 43 ^ 

north 

Dakota 

SOUTHEAST 

RANSOM' 

3 

1244 

227 

353 

• 1 

46.0SM 

97 . 18'** 

NORTH 

DAKOTA 

SOUTHEAST 

RICHLAND 

1 

1245 

227 

353 

2 

45.9QM^ 

07.45W 

SOUTH 

DAKOTA 

NORTHEAST 

MARSHALL 

1 

1246 

227 

353 

3 

46.1 RN 

97.53W 

NORTH 

DAKOTA 

SOUTHEAST 

SARGENT 

1 

1247 

227 

353 

4 

46.23N 

97.26W 

NORTH 

DAKOTA 

SOUTHEAST 

RICHLAND' 

1 

1248 

227 

354 

1 

45 • 67w 

97.01 */ 

SOUTH 

DAKOTA 

NORTHEAST 

ROBERTS 

1 

1249 

227 

354 

2 

45.61N 

97.28«/ 

SOUTH 

. Dakota 

NORTHEAST 

ROBERTS 

1 

1250 
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I 

J 

K 

Itl 

LOM 

bTATF ' 

CHOP REP. OJSJ. 

COUNTRY 

SOIL 

-CLASS 

SEQUENTIAS 

NO. 

??7 

384 

3 

45.80f>» 

97.36W 

south DAKOTA 

northeast 

MARSHALL 

1 

1251 

227 

354 

4 

45.86M 

O7.09tV 

SOUTH DAKOTA 

NORTHEAST 

ROBERTS ' 

1 

1252 

227 

355 

1 

45,29n 

Q6.88V 

SOUTH DAKOTA 

NORTHEAST 

GRANT 

1 

1253 

??7 

355 , 

2 

45 « 24M 

97, lU 

SOUTH DAKOTA 

NORTHEAST 

GRANT 

1 

1254 

??7 , 

355 

3 

48*42N 

.97.20'*< 

SOUTH DAKOTA 

NORTHEAST 

ROBERTS 

1 

1255 

??7 

355 

4 

45*4Bm 

96.93'v 

SOUTH DAKOTA 

northeast 

ROBERTS 

1 

1256 

??7 

35<^ 

1 

44,92m 

96.69W 

SOUTH Dakota 

northeast 

DEUEL 

1 

1'257 

??7 

356 

2 

44.A6N 

96. 95^ 

SOUTH Dakota 

northeast 

CODINGTON 

1 

1258 

??7 

356 

3 

45,0=iM 

97.03i‘' 

south DAKOTA 

northeast 

CODINGTON 

1 

1259 

227 

356 

4 

48,11m 

96.77-' 

south DAKOTA 

northeast 

GRANT 

1 

1260 

??7 

357 

1 

44 , 54^^ 

96.53 V 

SOUTH DAKOTA 

NORTHEAST 

UEUEU 

1 

1261 

2?7 

357 

2 

44.49m 

96.79-^ 

south Dakota 

EAST CENTRAL 

BROOKINGS 

1 

1262 

?27 

357 

3 

44, 67^ 

96.87w 

SOUTH DAKOTA 

NORTHEAST 

DEUEL 

i 

1263 

?27 

357 

4 

44.73M 

96.61 *r 

SOUTH DAKOTA 

NORTHEAST 

DEUEL 

1 

1264 

??7 

358 

1 

44 « 1 7('‘ 

96.37W 

MiNNtbOTA' 

SOUTHWEST 

PIPESTONE 

1 

1265 

227 

3SH 

2 

44.11M 

' 96.63'<^ 

SOUTH DAKOTA 

EAST CENTRAL 

MOODY 

1 

1266' 

227 

358 

3 

44.30m 

06.71-/ 

SOUTH DAKOTA 

TAST central 

BROOKINGS 

1 

1267 

227 

358 

4 

44, 36M 

Q6.45W 

SOUTH DAKOTA 

hast central 

CHARLES MIX 

i 

1268 

227 

3S« 

1 

43. HON 

06. 22^ 

MINNt'SOTA 

SOUTHWEST 

ROCK 

1 

1269 

227 

35<^ 

2 

43.74M 

06.48W 

SOUTH DAKOTA 

FAST CENTRAL 

MINNEHAHA 

1 

1270 

227 

359 ^ 

3 

43*93N 

96.S6v'» 

SOUTH DAKOTA 

FAST CENTRAL 

MOODY 

1 

1271 

227 

■S59 

4 

43.98h 

96,3flw 

MlNNEbOTA 

SOUTHWEST 

PIPESTONE 

1 

1272 

227 

360 

3 

43,55N 

96.40W 

riNNtSOTA 

SOUTHWEST 

ROCK 

1 

1273 

227 

360 

4, 

4 3 • 6 

06.15-J 

MINNESOTA 

southwest 

ROCK' 

1 

1274 

228 

346 

1 

4B.83M 

- 97.86-v 

month DAKOTA 

NORTHEAST 

PEMBINA 

3 

1275 

??« 

346 

2 

48.76N 

98.15 J 

MONTH Dakota 

NORTHEAST 

CAVALIER 

1 

1276 

228 

346 

3 

48.96N 

QP.P4»^ 

MONTH .DAKOTA 

NORTHEAST 

CAVALIER 

3 

1277 

2?H 

347 

1 

4P .44N 

97.67V 

MONTH DAKOTA 

NORTHEAST 

WALSH 

1 

1278 

228 

347 

2 

4R.3BN 

97.96'V 

month DAKOTA 

northeast 

WALSH 

1 

1279 

228 

347 

3 

48*‘=!7M' 

98, OS-*- 

MONTH DAKOTA 

NORTHEAST 

WALSH 

1 

1280 

2?fl 

3A7 

4 

4fl,63M 

97. 76*^; 

< MONTH DAKOTA 

northeast 

PEMBINA 

1 

1281 

228 

348 

1 

4R.06M 

97.49«V 

MONTH DAKOTA 

NORTHEAST 

GRAND FORKS 

1 

1282 

22P 

348 

2 

48.00m 

97.77^ 

NOkTH DAKOTA 

NORTHEAST 

GRAND FORKS 

1 

1283 

22R 

348 

3 

48. 19M 

97.H6^\' 

‘ MONTH DAKOTA 

NORTHEAST 

GRAND FORKS 

1 

1284 

228 

348 

4 

48.25m 

97.58v' 

NORTH DAKOTA 

NORTHEAST 

WALSH 

1 

1285 

228 

349 

1 

47.60M 

97.31W 

NQNTH DAKOTA 

EAST CENTRAL 

TRAILL 

1 

1236 

?2ft 

34<5 

2 

47..62-I 

9T.59UJ 

MONTH- DAKOTA 

EAST CENTRAL 

STEELE 

1 

1287 

228 

34^ 

3 

47.B1»\. 

97 « 6KW 

MONTH DAKOTA 

NORTHEAST 

GRAND FORKS 

1 

1288 ' 

228 

349 

4 

47.87m 

97.40''' 

MONTH DAKOTA 

NORTHEAST 

GRAND FORKS 

1 

1289 

228 

35 o' 

1 

47.30M 

97. 14W 

MONTH DAKOTA 

EAST CENTRAL 

TRAILL 

1 

1290 

228 

350 

2 

47.24M 

97. 42'/^ 

NOHTh DAKOTA 

EAST central 

CASS 

3 

1291 

228 

350 

3 

47.43N 

97. 50^^ 

MOUTH DAKOTA 

EAST central 

'STEELE 

1 

1292 

228 

350 

4 

.47.49N 

97.22W, 

MONTH DAKOTA 

EAST CENTRAL 

TRAILL 

1 

1293 

228 

351 

1 

46.92M 

96.96IA- 

MONTH 'DAKOTA 

EAST CENTRAL 

CASS 

• 1 

1294 

22B 

35 1 

2 

46.868 

97.24>' 

MONTH DAKOTA 

EAST CENTRAL 

CASS 

1 

1295 , 

228 

351 

3 

47.n8M 

97.33./ 

MONTH DAKOTA 

EAST central 

CASS 

1 

1296 

??B 

351 

4 

47.11M 

97.05W 

MONTH DAKOTA 

EAST CENTRAL 

CASS 

i 

1297 

228 

352 

1 

46.54M 

9b. 80 '' 

MONTH DAKOTA 

SOUTHEAST 

RICHLAND 

1 

1298, 

228 

352 

2 

46.4HN. 

97.07^. 

MONTH DAKOTA 

SOUTHEAST 

RICHLAND 

3 

1299 

228 

35? 

3 

46.67M 

97.16MJ 

MONTH DAKOTA 

SOUTHEAST 

RKHLAND 

3 

1300 
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■ r 

J 

K 

L4T 

LON 

STAU 

CROP REP. OIST. 

COUNTY 

SOIL 

CLASS 

SEQUENTIAL 

NO. 

??a 

3S3 

4 

46»73M 

96.B8W 

N09Th DAKOTA 

EAST central 

CASS 

1 

1302 

ZZB 

3b3 

1 

46♦16^i 

96.634 

NOPTH DAKOTA 

southeast 

RICHLAND 

1 

1302 


353 

2 

46. 1 OM 

96.90W 

NORTH DAKOTA 

SOUTHEAST 

RICHLAND 

3 

1303 

2?fl 

353 

3 

46.39ra 

96.99^ 

NORTH DAKOTA 

SOUTHEAST 

RICHLAND 

i 

2304 

238 

353 

4 

46.35M 

96.71W 

NORTH DAKOTA 

SOUTHEAST 

RICHLAND 

1 

1305 

?38 

354 

1 

4H.78N 

96.47*V 

MINNESOTA 

WEST CENTRAL 

TRAVERSE 

I 

1306 

338 

354 

2 

45.73W 

96*74^ 

MINNESOTA 

WEST CENTRAL 

TRAVERSE 

* 1 

1307 

238 

354 

3 

45.91N 

96.82¥i 

SOUTH DAKOTA 

northeast 

R06ERTS 

i 

X30B 

338 

354 

4 

45.97^» 

96.55^^ 

MINNfc'SOTA 

WEST central 

TRAVERSE 

1 

1309 

338 

355 

1 

45.41M 

96.3UI 

MINNESOTA 

WEST CENTRAL 

8IG STONE 

l 

1310 

338 

355 

2 

45.35W 

96.5S«« 

SOUTH DAKOTA 

NORTHEAST 

6RANT 

1' 

131 1 

33B 

35B 

3 

45»54N 

96.66W 

MINNESOTA 

WEST ’central 

BIG STONE 

1 

1312 

338 

355 

4 

45.59m 

96.194 . 

MINNESOTA 

WEST central 

TRAVERSE 

1 

1313 

338 

356 

1 

45.03H 

96.15W 

MINNESOTA 

WEST central 

LAC OUI PARLE 

i 

1314 

338 

356 

2 

44.97N 

96.43W 

MINNESOTA 

WEST central 

LAC our PARLE 

1 

1315 

338 

356 

3 

45.I6M 

96.50W 

SOUTH DAKOTA 

NORTHEAST 

GRANT 

1 

1316 

338 

356 

4 

45.33m 

96.234 

MINNESOTA 

WEST CENTRAL 

816 STONE 

I 

1317 

33B 

35? 

1 

44.65m 

96*094 

MINNESOTA 

WEST central 

YELLOW medicine 

1 

1316 

338 

357 

2 

44.60M 

96.37W 

MINNESOTA 

SOUTHWEST 

LINCOLN 

1 

1319 

338 

357 

3 

44.79N 

96.34W 

MINNESOTA 

WEST CENTRAL 

YELLOW medicine 

I 

1320 

338 

357 

4 

44 .84M 

96*Oftitf 

MINNESOTA 

WEST CENTRAL 

LAC QUI PARLE 

i 

1321 

338 

358 

1 

44.3BN 

95.85W 

MINNESOTA 

SOUTHWEST 

LYON 

I 

1 333 

338 

358 

2 

44.32N 

96. nw 

MINNESOTA 

SOUTHWEST 

LINCOLN 

1 

1323 

338 

358 

3 

44.41M 

96*194 

MINNESOTA 

SOUTHWEST 

LINCOLN 

i 

1324 

338 

358 

4 

44.46m 

95*934 

MINNESOTA 

SOUTHWEST 

LYON 

1 

!l33h 

338 

359 

I 

43.90W 

95.704 

MINNESOTA 

SOUTHWEST 

MURRAY 

I 

1336 

33ft 

359 

2 

43.85M 

95.96W 

MINNESOTA 

SOUTHWEST 

MURRAY 

i 

1327 

338 

359 

3 

44. 04H 

96.04W 

MINNESOTA 

SOUTHWEST 

MURRAY 

1 

132ft 

33B 

359 

4 

44.09N 

95.7HW 

MINNESOTA 

SOUTHWEST 

MURRAY 

I 

1329 

338 

360 

1 

43.53M 

95*56i»' 

MINNESOTA 

SOUTHWEST 

NOBLES 

1 

1330 

?38 

360 

3 

43.66M 

95*89^^ 

MINNESOTA 

SOUTHWEST 

NOBLES 

1 

1331 

338 

360 

4 

43.73N 

95.63W 

MINNESOTA 

SOUTHWEST 

NOBLES 

1 

1332 

339 

346 

1 

4H.95M 

97*274 

NORTH DAKOTA 

NORTHEAST 

PEMBINA 

X 

1333 

339 

346 

? 

48.89M 

97*564 

NORTH DAKOTA 

NORTHEAST 

HEH8INA 

i 

1334 

339 

347 

1 

48.56M 

97.09‘hf 

MINNESOTA 

NORTHWEST 

KITTSON 

I 

1335 

339 

347 

? 

48.50M 

97.38W 

NORTH DAKOTA 

NORTHEAST 

WALSH 

i 

1336 

339 

347 

3 

48.70M 

97.47W 

NORTH DAKOTA 

» NORTHEAST 

PEMBINA 

1 

1337 

339 

347 

4 

48.76M 

97.18W 

NORTH DAKOTA 

NORTHEAST 

PEMBINA 

1 

133fi 

339 

348 

1 

48.18N 

96.92>^ 

MINNESOTA 

NORTHWEST 

MARSHALL 

i 

1339 

339 

348 

2 

48.13M 

97.20W 

NORTH DAKOTA 

NORTHEAST 

GRAND FORKS 

4 

1340 

339 

348 

3 

48.31M 

97.39W 

NORTH DAKOTA 

NORTHEAST 

WALSH 

1 

1 341 

339 

34B 

4 

48.37N 

97.004 

MINNESOTA 

NORTHWEST 

MARSHALL 

1 

1342 

339 

349 

1 

47.80M 

96.744 

MINNESOTA 

NORTHWEST 

POLK 

i 

1343 

??9 

349 

2 

47.74M 

97.034 

NORTH DAKOTA 

NORTHEAST 

GRAND FORKS 

1 

1344 

239 

349 

3 

47.93M 

97. 

north DAKOTA 

NORTHEAST 

GRAND forks 

1 

1345 

339 

349 

4 

47.99N 

96 . 83w 

MINNESOTA 

NORTHWEST 

POLK 

i 

1346 

339 

350 

1 

47.4!M 

96.574 

MINNESOTA 

NORTHWEST 

NORMAN 

1 

1347 

339 

350 

2 

47.36N 

96.85W 

NORTH DAKOTA 

EAST CENTRAL 

TRAILL 

1 

134fj 

329 

350 

3 

47.55N 

96.944 

NORTH DAKOTA 

EAST central 

TRAILL 

1 

1349 

339 

350 

4 

47.61M 

96.66W 

MINNESOTA 

NORTHWEST 

POLK 

1 

1350 


A-l-27 



I 

J 

K 

LAT 

LON 

STATE 

CROP REP. 01 ST. 

COUNTY 

SOIL 

CLASS 

SEQUENTIAL 

NO. 

?2Q 

351 

1 

47*03N 

’96.41iAf 

MINNESOTA 

NORTHWEST 

CLAY 

1 

1351 

22^ 

351 

2 

46.9ftM 

96.69H 

MINNE‘S0TA 

1 NORTHWEST 

CLAY 

1 

1352 

22^ 

351 

3 

47.17M 

96.77W 

MINNESOTA 

NORTHWEST 

NORMAN 

1 

1353 

?2«3 

351 

4 

47,22W 

96.49W . 

MINNESOTA 

NORTHWEST 

NORMAN 

1 

1354 

229 

352 

1 

46 • 65N 

96.24*v 

MINNESOTA 

NORTHWEST 

CLAY 

1 

1355 

229 

352 

2 

46*60N 

96.52W 

MINNESOTA 

WEST central 

WILKIN 

1 

1356 

229 

352 

3 

46.79N 

96.60'^ 

MINNESOTA 

NORTHWEST 

CLAY 

1 

1357 

229 

35? 

4 

46. ^^4N 

96.3?t" 

MINNESOTA 

NORTHWEST 

CLAY 

1 

1358 

229 

353 

1 

46.27^^ 

96.08W 

MINNESOTA 

WEST CENTRAL 

OTTER TAIL 

1 

1359 

229 

353 

2 

46.22N 

96.36U1 

MINNESOTA 

WEST central 

WILKIN 

1 ' 

1360 

229 

353 

3 

46.41IM 

96.44*V‘ 

MINNESOTA 

WEST CENTRAL 

WILKIN 

1 

1361 

229 

353 

4 

46*46N 

96.16V- 

MINNESOTA 

WEST CENTRAL 

OTTER TAIL ' 

1 

1362 

2?9 

354 

1 

4S,ft9N 

95.93W 

MINNESOTA 

WEST Central 

GRANT 

1 

1363 

229 

354 

2 

45. 84N 

96.20v^ 

MINNESOTA 

WEST central 

GRANT 

1 

1364 

229 

354 

3 

46.03N 

96.2RW 

MINNESOTA 

WtST central 

GRANT 

1 

1365 

2?9 

354 

4 

46. OflW 

96.00/< 

MINNESOTA 

west central 

GRANT 

1 

1366 

229 

355 

1 

45.51N 

95.7 7W 

MINNESOTA 

WEST CENTRAL 

STEVENS 

1 

1367 

229 

35^ 

2 

4S.46N 

96.04'^ 

MINNESOTA 

WEST CENTRAL 

STEVENS 

1 

1368 

229 

355 

3 

45.65N 

96. 12W 

MINNESOTA 

WEST central 

STEVENS 

1 

1369 

229 

355 

4 

45.70N 

95.85W 

MINNESOTA 

WEST CENTRAL 

STEVENS 

1 

1370 

229 

355 

1 

45. 1 4N 

9ft. 6?W 

MINNESOTA 

WEST central 

SWIFT 

1 

1371 

229 

356 

2 

45.08N 

9ft.fi9vi 

MINNESOTA 

WEST CENTRAL 

CHIPPEWA 

1 

1372 

229 

356 

3 

45.27m 

95.96W 

MINNESOTA 

WEST CENTRAL 

SWIFT 

1 

1373 

??9 

356 

4 

45.32m 

95.70<^ 

MINNESOTA 

WEST central 

. SWIFT 

3 

1374 

229 

357 

1 

44.76N 

9ft.47rf 

MINNESOTA 

WEST central 

YELLOW MEDICINE 

1 

1375 

229 

357 

2 

44.71N 

95.741] 

MINNESOT'A 

WEST CENTRAL 

YELLOW MEDICINE 

1 

1376 

229 

357 

3 

44.fl9N 

95. 8H^ 

MINNESOTA 

WEST central 

LAC QUI PARLE 

1 

1377 

229 

357 

4 

44.95W 

95.55W 

MINNESOTA 

WEST CENTRAL 

CHIPPEWA 

1 

1378 

229 

35ft 

1 

4a*38n 

9ft. 33^ 

MINNESOTA 

SOUTHWEST 

REDWOOD 

1 

1379 

229 

359 

2 

44.33W 

95.59vf 

MINNESOTA 

SOUTHWEST 

REDWOOD 

1 

1380 

229 

35ft 

3 

44 • ft 

95.66W 

MINNESOTA 

SOUTHWEST 

LYON 

1 

1381 

229 

35ft 

4 

44. ft?*^* 

95 . 4 OVj 

MINNESOTA 

SOUTHWEST 

REDWOOD 

1 

1382 

229 

359 

1 

44.0 IM 

9ft. 1 

MINNESOTA 

SOUTHWEST 

COTTONWOOD 

1 

13ft3 

2?9 

359 

2 

43.95PJ 

oc; ^ 44 ^ 

MINNESOTA 

SOUTHWEST 

COTTONWOOD 

1 

1384 

229 

359 

3 

44. 1 4M 

95.52W 

MINNESOTA 

SOUTHWEST 

MURRAY 

1 

1385 

229 

359 

4 

44.19N 

95.26va 

MINNESOTA 

SOUTHWEST 

REDWOOD 

1 

1386 

229 

360 

1 

43.63N 

Q5.04W 

MINNESOTA 

SOUTHWEST 

JACKSON 

1 

'1387 

229 

360 

2 

43.5ftN 

95. 30**' 

MINNESOTA 

SOUTHWEST 

JACKSON 

1 

1388 

229 

360 

3 

43.77M 

95.37W 

MINNESOTA 

SOUTHWEST 

JACKSON 

1 

13R9 

229 

360 

4 

43.82N 

9*^.nw 

MINNESOTA 

SOUTHWEST 

JACKSON 

1 

1390 

230 

346 

2 

49.01N 

96,9ft-a 

MINNESOTA 

NORTHWEST 

KITTSON 

1 

1391 

230 

347 

1 

48.6ftN 

96.51W 

MINNESOTA 

NORTHWEST 

KITTSON 

3 

1392 

230 

347 

2 

48.62N 

96.80W 

MINNESOTA 

NORTHWEST 

KITTSON 

1 

1393 

230 

347 

3 

48.A1N 

96.89W 

MINNESOTA 

NORTHWEST 

KITTSON 

1 

1394 

230 

347 

4 

48.87m 

96 .60 Af 

MINNESOTA 

NORTHWEST 

KITTSON 

1 

1395 

230 

34ft 

1 

48.29N 

96.34W 

MINNESOTA 

NORTHWEST 

MARSHALL 

3 

1396 

230 

348 

2 

48.24m 

96.63W 

MINNESOTA 

NORTHWEST 

MARSHALL 

1 

1397 

230 

34B 

3 

48.43N 

96.71W 

MINNESOTA 

NORTHWEST 

MARSHALL 

1 

1398 

230 

348 

4 

48.49N 

96.4?rf 

MINNESOTA 

NORTHWEST 

MARSHALL 

L 

1399 

230 

349 

1 

47.91N 

96.17W 

MINNESOTA 

NORTHWEST 

RED LAKE 

3 

1400 




BLANK: NOT FILB^ED 
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I 

J 

K 

LAT 

LON 

SJAT5 

CROP REP. DIST. 

COUNTY 

SOIL 
‘ CLASS 

SEQUENTIAL 

NO. 

23 0 

349 

2 

47.85N 

96.46W 

MINNESOTA 

NORTHWEST 

RED LAKE 

1 

1401 

230 

349 

3 

4«*05N 

96.54W 

MINNESOTA 

NORTHWEST 

POLK 

1 

1402 

230 

349 

4 

48, ION 

96.25W 

MINNESOTA 

NORTHWEST 

PENNINGTON 

1 

1403 

230 

350 

1 

47.53N 

96.01W 

MINNESOTA 

NORTHWEST 

POLK 

1 

1404 

230 

350 

2 

47.47N 

96.29W 

MINNESOTA 

NORTHWEST 

NORMAN 

3 

1405 

23 0 

350 

3 

47,66M 

96.37V 

MINNESOTA 

NORTHWEST 

POLK 

1 

1406 

230 

350 

4 

47.72N 

96.09W 

MINNESOTA 

NORTHWEST 

POLK 

3 

1407 

230 

351 

1 

47.14M 

95. flSW 

MINNESOTA 

NORTHWEST 

MAHNOMEN 

1 

1408 

23 0 

351 

2 

47*09N 

96.L3W 

MINNESOTA 

NORTHWEST 

BECKER 

1 

1409 

230 

353 

3 

47*28N 

96.21W 

MINNESOTA 

NORTHWEST 

NORMAN 

3 

1410 

23 0 

351 

4 

47.34N 

95.93V 

MINNESOTA 

NORTHWEST 

MAHNOMEN 

1 

1411 

23 0 

352 

1 

46*76N 

95.69W 

MINNESOTA 

nor’thwest 

BECKER 

3 

1412 

23 0 

352 

2 

*46. TIN 

•95.97W 

MITJNESOTA 

NORTHWEST 

BECKER 

3 

1413 

230 

352 

3 

46*90N 

96* 05W 

MINNESOTA 

NORTHWEST 

BECKER 

1 

1414 

230 

35? 

4 

46.95N 

95.77W 

MINNESOTA 

NORTHWEST 

BECKER 

3 

1415 

230 

353 

1 

46.38N 

95.53W 

MINNESOTA 

WEST CENTRAL 

OTTER TAIL 

3 

1416 

230 

353 

2 

46.33N 

95.81“' 

MINNESOTA 

WEST CENTRAL 

OTTER TAIL 

3 

1417 

230 

353 

3 

46.52M 

95.89W 

MINNESOTA 

.WEST central 

OTTER TAIL 

3 

1418 

230- 

353 

4 

46.57N 

95.61W 

MINNESOTA 

WEST central 

OTTER TAIL 

3 

1419 

230 

354 

1 

46.00M 

95.38W 

MINNESOTA 

WEST CENTRAL 

DOUGLAS 

1 

1420 

230 

354 

2 

45.95N 

95.65W 

MINNESOTA- 

WEST CENTRAL 

DOUGLAS 

1 

1421 

230 

354 

3 

46. 14N 

95.73W 

MINNESOTA 

WEST CENTRAL 

OTTER TAIL 

1 

1422 

230 

354 

4 

46.19N 

95.46W 

MINNESOTA 

WEST central 

OTTER TAIL 

1 

1423 

230 

355 

1 

45.62N 

95.23V 

MINNESOTA 

WEST CENTRAL 

POPE 

3 

1424 

230 

355 

2 

45.57N 

95.50W 

MINNESOTA 

WEST CENTRAL 

POPE 

1 

1425 

230 

355 

3 

45.76N 

95. 5ft V 

MINNESOTA 

WEST CENTRAL 

DOUGLAS 

1 

1426 

230 

355 

4 

45.81N 

95.30V 

MINNESOTA 

WEST CENTRAL 

DOUGLAS 

1 

1427 

230 

356 

1 

45.24N 

95.08W 

MINNESOTA 

CENTRAL 

KANDIYOHI 

1 

1428 

230 

356 

? 

45.19N 

95.35W 

MINNESOTA 

WEST CENTRAL 

SWIFT 

1 

1429 

230 

356 

3 

45.38N 

95.43V 

MINNESOTA 

WEST CENTRAL 

SWIFT 

1 

1430 

230 

356 

4 

45.43M 

95. 16V 

MINNESOTA 

WEST central 

POPE 

3 

1431 

230 

357 

1 

44.86N 

94.94W 

MINNESOTA 

CENTRAL 

KANDIYOHI 

1 

1432 

230 

357 

2 

44. BIN 

95.21V 

MINNESOTA 

CENTRAL 

RENVILLE 

1 • 

1433 

230 

357 

3 

45.00N 

95.28W 

MINNESOTA 

WEST CENTRAL 

CHIPPEWA 

1 

1434 

230 

357 

4 

45.05N 

95.01vf 

MINNESOTA 

CENTRAL 

KANDIYOHI 

I 

1435 

230 

358 

1 

44.48N 

94, BOV 

MINNESOTA 

CENTRAL 

RENVILLE 

1 

1436 

23 0 

358 

2 

44-43N 

95.06W 

MINNESOTA 

SOUTHWEST 

REDWOOD 

1‘ 

1437 

23 0 

358 

3 

44.62N 

95. 13W 

MINNESOTA 

CENTRAL 

RENVILLE 

1 

1438 

23 0 

358 

4 

44.67N 

94.87w 

MINNESOTA 

CENTRAL 

RENVILLE 

1 

1439 

230 

359 

i 

44.11N 

94.66W 

MINNESOTA 

SOUTH CENTRAL 

BROWN 

1 

1440 

230 

359 

2 

44.06N 

94.92W 

MINNESOTA 

SOUTHWEST 

COTTONWOOD 

1 

1441 

230 

359 

3 

44.24N 

94.99V 

MINNESOTA 

SOUTH CENTRAL 

BROWN 

1 

1442 

230 

359 

4 

44*29N 

94.73V 

MINNESOTA 

SOUTH CENTRAL 

BROWN 

1 

1443 

230 

360 

1 

43.73N 

Q4.52W 

MINNESOTA 

SOUTH CENTRAL 

MARTIN 

1 

1444 

230 

360 

2 

43.68N 

94.78W 

MINNESOTA 

SOUTH CENTRAL 

MARTIN 

1 

1445 

230 

360 

3 

43.87N 

94,«5W 

MINNESOTA 

SOUTH CENTRAL 

WATONWAN 

1 

1446 

230 

360 

4 

43.92N 

94.59W 

MINNESOTA 

SOUTH CENTRAL 

WATONWAN 

1 

1447 

230 

361 

3 

43.49N 

94.72V 

MINNESOTA 

SOUTH CENTRAL 

MARTIN 

1 

1448 

23 0 

361 

4 

43.54N 

94.46V 

MINNESOTA 

SOUTH CENTRAL 

MARTIN 

1 

1449 

231 

347 

1 

4ft. 79M 

95.92V 

MINNESOTA 

NORTHWEST 

ROSEAU 

1 

1450 


\ 


A-I-30 



I 

J 

K 


LON 

STATt 

231 

347 

2 

48*74*^‘ 

^6.221-j 

MiNNtSOTA 

231 

347 

3 

4P.93N 

96.30>J 

MINNESOTA 

231 

347 

4 

48.99NJ 

96.01W 

MINNESOTA 

231 

348 

1 

4fi.4lN 

95.76^ 

MINNESOTA 

231 

348 

2 

4fl*35M 

96.05U- 

MINNESOTA 

231 

348 

3 

4R.54M 

96.13JV 

MINNESOTA 

231 

348 

4 

48,60N 

95.R4W 

rUNNESOTA 

231 

349 

1 

48.02N 

95.60W 

MINNESOTA 

231 

349 

2 

47*97N 

95.8ftN 

MINNESOTA 

231 

349 

3 

48. 16M 

95.97V 

MINNESOTA 

231 

349 

4 

4fi*?lAJ 

95.68.V 

MiNNtSOTA 

231 

3bO 

1 

47.63N 

95 . 44W 

MINNESOTA 

231 

350 

2 

47.58M 

95.7PW 

MINNESOTA 

231 

350 

3 

47.77N 

95.80 V 

MINNESOTA 

231 

350 

4 

47.83N 

95.52W 

MINNESOTA 

231 

351 

1 

47.25'n 

95.?P^‘ 

MINNESOTA 

231 

351 

2 

47. PON 

95.56W 

MINNESOTA 

?31 

351 

3 

47.3^N 

95*64 W 

MINNESOTA 

231 

351 

4 

47.44N 

95.36W 

MINNESOTA 

231 

35? 

1 

46.97N 

95.13r,‘ 

MiNNtSOTA 

231 

35? 

2 

46.81M 

«5.41W 

MINNESOTA 

231 

352 

3 

47.01N 

95.49W 

MINNESOTA 

231 

352 

4 

47.06M 

95.20W 

MINNESOTA 

231 

353 

1 

46.48N 

94.9KV 

MINNESOTA 

231 

353 

2 

46.43H 

95.26W 

MINNESOTA 

231 

353 

3 

46.62N 

95.33W 

MINNESOTA 

231 

353' 

4 

46.68N 

95.05W 

MINNESOTA 

?31 

354 

1 

46. ION 

94.83W 

MINNESOTA 

231 

354 

2 

46*05N 

95. nw 

MINNESOTA 

231 

354 

3 

46.P4N 

95.181V 

MiNNtSOTA 

231 

354 

4 

46.R9N 

94.90jV 

MINNESOTA 

231 

355 

1 

45.72M 

94*69W 

MINNESOTA 

231 

355 

2 

45.67N 

94.96W 

MINNESOTA 

231 

355 

3 

45.ft6N 

95.03W 

MINNESOTA 

231 

355 

4 

45.91N 

94.76W 

MINNESOTA 

231 

356 

1 

45.34^f 

94.54W 

MINNESOTA 

231 

356 

2 

45*?9N 

94.81 W 

MINNESOTA 

231 

356 

3 

45*48N 

■94.89W 

MINNESOTA 

231 

356 

4 

45.53N 

94.6?iV 

MINNESOTA 

?31 

357 

1 

44.96N 

c>4.41W 

MINNESOTA 

231 

357 

2 

44.91M 

94.67W 

MINNESOTA 

231 

357 

3 

45. ION 

94.74W 

MINNESOTA 

231 

357 

4 

45. 15N 

94.47W 

MINNESOTA 

231 

358 

1 

44.58N 

94.27W 

MINNESOTA 

231 

358 

2 

44 .53^ 

94.531V 

MINNESOTA 

231 

358 

3 

44.72N 

94.60’v 

MINNESOTA 

231 

358 

4 

44.77N 

94.34W 

MINNESOTA 

231 

359 

1 

44.20N 

; 94.14W 

MINNESOTA 

231 

359 

2 

44.15N 

94.40'V 

MINNESOTA 

231 

359 

3 

44.34N 

94.47W 

MINNESOTA 




SOIL 

SEQUENTIAL 

CROP REP. DIST. 

COUNTY 

CLASS 

NO. 

NORTHWEST 

ROSEAU 

1 

1451 

NORTHWEST 

ROSEAU 

> 3 

1452 

NORTHWEST 

ROSEAU 

1 

1453 

NORTHWEST 

MARSHALL 

1 

1454 

NORTHWEST 

MARSHALL ' 

3 

1455 

NORTHWEST 

ROSEAU 

3 

1456 

NORTHWEST 

ROSEAU 

1 

1457 

NORTHWEST 

PENNINGTON 

1 

1458 

NORTHWEST 

PENNINGTON 

1 

1459 

NORTHWEST 

MARSHALL 

1‘ 

1460 

NORTHWEST 

MARSHALL 

3 

1461 

NORTHWEST 

CLEARWATER 

3 

1462 

NORTHWEST 

POLK 

1 

1463 

NORTHWEST 

POLK 

3 

1464 

NORTHWEST 

CLEARWATER 

3 

1465 

NORTHWEST 

CLEARWATER 

3 

1466 

NORTHWEST 

MAHNOMEN 

3 

1467 

NORTHWEST 

MAHNOMEN 

3 

1468 

NORTHWEST 

CLEARWATER 

3 

1469 

NORTH CENTRAL 

HUBBARD 

3 

1470 

NORTHWEST 

BECKER 

3 

1471 

NORTHWEST 

BECKER 

3 

147? 

NORTHWEST 

BECKER 

3 

1473 

CENTRAL 

WADENA 

3 

1474 

WEST central 

OTTER TAIL • 

3 

1475 

WEST central 

OTTER TAIL 

3 

1476 

CENTRAL 

WADENA 

3 

1477 

CENTRAL 

TODD 

3 

1478 

CENTRAL 

TODD 

3 

1479 

WEST CENTRAL 

OTTER TAIL 

3 

1480 

CENTRAL 

TODD 

3 

1481 

CENTRAL 

STEARNS 

1 

1482 

central 

STEARNS 

1 

1483 

CENTRAL 

TODD 

3 

1484 

CENTRAL 

TODD 

3 

1485 

CENTRAL 

STEARNS 

1 

I486 

CENTRAL 

KANDIYOHI 

1 

1487 

CENTRAL 

STEARNS 

1 

14B8 

CENTRAL 

STEARNS 

1 

1489 

CENTRAL 

MEEKER 

1 

1490 

CENTRAL 

MEEKER 

1 

149T 

CENTRAL 

MEEKER 

1 

1492 

CENTRAL 

MEEKER 

1 

1493 

CENTRAL 

SIBLEY 

1 

1494 

CENTRAL 

SIBLEY 

1 

1495 

CENTRAL 

RENVILLE 

1 

1496 

CENTRAL 

MC LEOD 

1 

1497 

SOUTH CENTRAL 

NICOLLET 

1 

1498 

SOUTH CENTRAL 

BLUE EARTH 

1 

1499 

SOUTH CENTRAL 

NICOLLET 

1 

1500 


A-I-31 



I 

• J 

K 

LAT 

LON 

STATE 

CROP REP'. 01 ST. 

COUNTY 

SOIL 

CLASS 

SEQUENTIAL 

NO. 

?31 

3b9 

4 

44.39N 

94*20W 

MINNESOTA 

SOUTH CENTRAL 

NICOLLET 

1 

1501 

H31 

360 

1 

43,83N 

94*00Vi 

MINNESOTA 

SOUTH CENTRAL 

BLUE EARTH 

1 

1502 

231 

360 

2 

43*78N 

94*?6W 

MINNESOTA 

SOUTH CENTRAL 

FARIBAULT 

1 

1503 

231 

360 

3 

43.97N 

94.33W 

MINNESOTA 

SOUTH CENTRAL 

BLUE EARTH 

1 

1504 

231 

360 

4 

44.01N 

94,07W 

MINNESOTA 

SOUTH CENTRAL 

BLUE EARTH 

I 

1505 

231 

361 

3 

43*59N 

- 94*20W 

MINNESOTA 

SOUTH CENTRAL 

FARIBAULT ^ 

I 

1506 

231 

361 

4 

43.64M 

93.94W 

MINNESOTA 

SOUTH CENTRAL 

FARIBAULT 

1 

1507 

232 

347 

1 

48,90N 

'95*34W 

MINNESOTA 

northwest. 

ROSEAU 

3 

1508 

232 

347 

2 

48*dSN 

95.63W 

MINNESOTA 

NORTHWEST 

ROSEAU 

3 

1509 

232 

348 

2 

4B.46N 

'95.47W 

MINNESOTA 

' north CENTRAL 

BELTRAMI 

3 

1510 

232 

3^8 

3 

48.65N 

95*55tsf 

MINNESOTA 

northwest 

ROSEAU , 

3 

1511 

232 

348 

4 

48*71N 

95.26W 

MINNESOTA • 

NOR’THWEST 

ROSEAU 

3 

1512 

232 

349 

1 

48.13N 

95.02W 

MINNESOTA 

north CENTRAL 

BELTRAMI 

3 

1513 

232 

349 

2 

48,07N 

95.31W 

MINNESOTA 

NORTH CENTRAL 

BELTRAMI 

3 

1514 

232 

349 

3 

48*27N 

95.39W 

MINNESOTA 

NORTH CENTRAL 

BELTRAMI 

3 

1515 

232 

349 

4 

48*32N 

95. low 

MINNESOTA 

NORTH CENTRAL 

BELTRAMI 

3 

1516 

232 

350 

1 

47*74N 

94.06W 

MINNESOTA 

NORTH CENTRAL 

BELTRAMI 

3 

. 1517 

232 

350 

2 

47*69N 

95.15W 

MINNESOTA 

NORTH CENTRAL 

BELTRAMI 

3 

1518 

232 ‘ 

350 

3 

47*88N 

95..23W 

‘MINNESOTA 

NORTH CENTRAL 

BELTRAMI 

3 

1519 

232 

351 

1 

47.35N 

94.71W 

MINNESOTA 

NORTH CENTRAL 

HUBBARD 

3 

1520 

232 

351 

2 

47*30N 

95.00W 

MINNESOTA 

north central 

HUBBARD 

3 

1521 

232 

351 

3 

47.49N 

95.07W 

MINNESOTA 

NORTH CENTRAL 

BELTRAMI 

3 

1522 

232 

35l‘ 

4 

47.55N 

94.79W 

MINNESOTA' 

NORTH CENTRAL 

BELTRAMI 

3 

1523 

232 

35? 

1 

' 46*97N 

94.57W 

MINNESOTA 

NORTH CENTRAL 

CASS 

3 

1524 

232 

352 

2 

46,9?N 

94.85W 

MINNESOTA 

north CENTRAL 

HUBBARD 

3 

1525 

232 

352 

3 

47.11N 

94.92W 

MINNESOTA 

NORTH CENTRAL 

HUBBARD 

3 

1526 

232 

352 

4 

47.16N 

94.64W 

MINNESOTA 

NORTH CENTRAL 

CASS 

3 

1527 

232 

353 

1 

46.58N 

94.42W 

MINNESOTA 

north CENTRAL 

CASS 

3 

1528 

232 

353 

2 

46*53N 

94. TOW 

MINNESOTA 

NORTH CENTRAL 

CASS 

3 

1529 

232 

353 

3 

46.73N 

'94.77W 

MINNESOTA 

NORTH CENTRAL 

CASS 

3 

1530 

232 

353 

4 

46.78N 

94.49W 

MINNESOTA 

north CENTRAL 

CASS 

3 

1531 

232 

354 

2 

46.15N 

94.55W 

MINNESOTA 

CENTRAL 

MORRISON 

3 

1532 

232 

354 

3 

46.34N 

94.63W 

MINNESOTA 

north CENTRAL 

CASS 

3 

1533 

232 

354 

4 

46.39N 

94.35W 

MINNESOTA 

NORTH CENTRAL 

CASS 

3 

1534' 

232 

355 

1 

45.R2N 

94. 14W 

MINNESOTA 

CENTRAL 

MORRISON 

3 

1535 

232 

355 

2 

45.77N 

94.41W 

MINNESOTA 

CENTRAL 

, MORRISON 

3 

1536 

232 

355 

3 

45.96M 

94. 48W 

MINNESOTA 

CENTRAL 

MORRISON 

3 

1537 

232 

355 

4 

46*'01N 

94.21W 

MINNESOTA 

CENTRAL 

MORRISON 

3 ' 

1538 

232 

356 

1 

45.44N 

94.00W 

MINNESOTA 

CENTRAL 

SHERBURNE 

3 

1539 

232 

356 

2 

45.39N 

94.27W 

MINNESOTA 

CENTRAL 

STEARNS 

3 

1540 

232 

356 

3 

45.58N 

94.34W 

MINNESOTA 

central 

STEARNS 

3 

1541 

232 

356 

4 

45.63N 

94.07W 

MINNESOTA 

CENTRAL 

BENTON 

3 

1542 

232 

357 

1 

45,06N 

93.87W 

MINNESOTA 

CENTRAL 

WRIGHT 

1 . 

1543 

232 

357 

2 

45.01N 

94. 14W 

MINNESOTA 

CENTRAL 

WRIGHT 

1 

1544 

232 

357 

3 

45,20N 

94.21W 

MINNESOTA 

CENTRAL 

WRIGHT 

1 

1545 

232 

357^ 

4 

45#25N 

93.93W 

MINNESOTA 

CENTRAL 

WRIGHT 

1 

1546 

232 

358 

1 

44*6BN' 

03.74W 

MINNESOTA 

CENTRAL 

CARVER 

1 

1547 

23? 

358 

2 

44«63N 

94.00W 

MINNESOTA 

CENTRAL 

SIBLEY 

1 

1548 

232 

358 

3 

44.82N 

94.07W 

MINNESOTA 

CENTRAL 

MC LEOO 

1 

1549 

232 

35B 

4 

44.87N 

. 93.80W 

MINNESOTA 

CENTRAL 

CARVER 

1 

1550 
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T 

J 

K 

LAT 

LON 

STATE 

CROP REP. OIST. 

COUNTY 

SOIL 

CLASS 

SEQUENTIAL 

NO. 

?32 

359 

1 

44*30r4 

93. 

MINNESOTA 

SOUTH CENTRAL 

LE SUEUR 

1 

1551 

?32 

359 

2 

44.25N 

93.A7KJ 

MINNESOTA 

SOUTH CENTRAL 

LE SUEUR 

1 

1552 

? 3 ? 

359 

3 

44 , 44M 

93.94W 

MINNESOTA 

central 

SIBLEY 

1 

1553 

23? 

359 

4 

44.49N 

93.67W 

MINNESOTA 

SOUTH CENTRAL 

LE SUEUR 

1 

1554 

?32 

360 

1 

43.92N 

93.48VJ 

MINNESOTA 

SOUTH CENTRAL 

WASECA 

1 

1555 

23? 

360 

2 

43.87M 

93.74W 

MINNESOTA 

SOUTH CE‘NTRAL 

WASECA 

1 

1556 

232 

360 

3 

44.06M 

93.81W 

MINNESOTA 

SOUTH CENTRAL 

WASECA 

1 

1557 

232 

360 

4 

44.1 IN 

93.544 

MINNESOTA 

SOUTH CENTRAL 

WASECA 

1 

1558 

232 

361 

1 

43.54N 

93.36W 

MINNESOTA 

SOUTH CENTRAL 

FREEBORN 

1 

1559 

?32 

361 

? 

43.50W 

93.624 

MINNESOTA 

SOUTH CENTRAL 

FREEBORN 

1 

1560 

232 

361 

3 

43.68N 

93.68N 

MINNESOTA 

SOUTH central 

FREEBORN 

1 

1561 

?32 

361 

4 

43.73N 

93.424 

MINNESOTA 

SOUTH CENTRAL 

FREEBORN 

1 

1562 
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•APPENDIX II 

EARTHSAT "SYSTEM" IMPLEMENTATION DISCUSSION 
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INTRODUCTION 


Impleni 0 ntation of th6- NASA AGMET System is* divided into two major 
subtasks; definition and creation of libraries and load models; execution 
of the four programs which represents the NASA AGMET composite. A 
discussion of systematic NASA AGEMT operation then follows. ‘ 

Source programs are provided in a tape medium, and the necessary 
job control language provided to create a load module library from which 

they are involved. ; 

Job control language is also provided to execute the. NASA AGMET 
System given the initial start conditions. The necessary files for this- 
execution arepfovided on tape. Computer System, specific necessities 
for smooth and efficient system operation are discussed but, because 
they are system specific, only in a general manner. 
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1.0 LACIE MODULE GENERATION 

1.1 System Library Definition 

two 'necessary libraries must be defined prior to module gene- 
ration. $6320. EARTHS AT. LOAD is the load library in-which the major 
modules will' be placed and $6 320. EARTH SAT. LOAD, is a mac.ro library • 
iiito which SETUP an EarthSat in-house macro necessary to Assembly 
of the Assembler modules will reside. 

1 . 2 General Subroutines 

Several general purpose subroutines are then compiled and 
placed in' $6320. EARTHSAT. LOAD for use at LINK Edit by the Major 
modules. 

1.3 Major Module Generation 

METRUN, AGRUN, PREDRUi'l, DAY-RUN are compiled and link edited 
into the LIBRARY and are available for future execution. 

1.4 File Generation 

Unload necessary data files and place in the specified locations. 
Unload RWA.STAIJ to system tape. U.nload- LACIE. START to system 
direct access .storage. Unload HIST. 61 to system direct access 
storage. 
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CONTENTS OF TAPE ESC040'- 


File # 

DSN 

RECFM 

LRECL 

BLKSIZE 

CONTENTS 

TYPE 

■ 1 • 

FILET 

■ FB 

80 

800 

SETUP MACRO , 

ASM 

2 

FILE2- 

FB 

80 

800 

READ SUBROUTINE 

ASM 

3 - 

FILE3 

r 

FB 

80 

800 

. WRITE SUBROUTINE 

ASM 

4 

. . FILE4 

FB 

80 

■800 

BDAM SUBROUTINE 

ASM 

5 

FILES • 

FB 

80 

■800 

ABEND- SUBROUTINE 

ASM 

6 

FILES 

FB 

80 

800‘ 

METRUN 

FORT 

7 

FILE? 

• FB 

80 

800 

AGRUN 1 

• FORT 

8 

FILES 

FB 

80 

800 

AGRUN 2 

ASM 

9 

FILE9 

FB 

80 

800 

PREDRUN 

FORT 

.10 

F'lLElO 

FB 

80 

800 . 

DAYRUN • . 

FORT 

11 

FILEll 

F 

40 

40' 

HIST.Gl • 

DATA 

12 

•FI LEI 2 

FB 

76 • 

760 

RWA.STAIJ 

DATA 

13 

FILE! 3 

F 

108 

108 

.LAC IE. START 

DATA. 


TABLE A-1 
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General Routine Description 


SETUP 

AGIN 

AGOUT 

UPDATE 

ABED 

METRUN 

AGRUN 

PREDRUN 

DAYRUN 


is a general purpose inhouse macro to insure addressability. 

is a general purpose subroutine to read using QSAM via fortran. 

is a general purpose subroutine to write using QSAM via fortran. 

is a general purpose routine to utilize assembler direct 
access via fortran. 

C 

is a special purpose routing to force a program to core dump. 

models meteorological data and produces map overlays of a specific 
ground area for meteorological parameters. 

models daily growth of a given crop through the growing season. 

predicts the yield of a given crop using the daily meteorological 
and grov/th to date as input. 

is a report generator for AGRUN, which lists and maps the various 
parameters on a daily basis. 


TABLE A-2 
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1.4a OCb for file generation 
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//tiiSRfl JOb ( 5220 * 95 » 1 ♦ 3 »»•♦»)»• aMi'JckSON • 

//STFPl EXEC P6M=lEi?GENEP 
//* 

//* RF.PROOUCE THE HISTORICAL FILE 
//* 

//SYSPRINT OD SYSOUT=A 

//SYSUTl 00 DSN=FILF..il ,niSP= (OLO»KE£P,KEEP) » 

// URIT=2400,VOL=(PRIVAT€iRETA1-J, ,SER=£SC040) , 

// LABEL= (I I »SL) »0CH= (RECFM=F,8LKSIZE=40) 
//SYSUT2 DO DSN=HIST.G1»DISP={NEw,CaTLG) » 

// UNIT=2314,SPACF=(CYL» (10) *PLSE » CONTIG) » 

// VOL=SER=IPn^RK, 

// OCB= (RECFM=F*RLKSIZE=40) 

//SYSIN OD dummy 

//STfcP3 EXEC PGM=IERGENER 

//«- 

//* REPRODUCE THE INIIAL START CONDITIONS FOR 
//* 

//SYSPRINT OD SYSQUT=A 

//SYSUTl DD D5N=FILE13W3ISP= (OLD,K-EEP»KEtP) » 

// UNIT=2400«VOL=(PRJVATE»PFTAIN,,SER=£SC040) » 

// LABLL=(13»SL) *DCH=(RECFM=F,6LKSIZE=I0b) 
//SYSUT2 DD DSN=LACIE.START»OISP=(NF:w,CaTLG) , 

// UNlT=23l4tSPACE={CYL» (10) .RLSEt CONTI G) , 

// '/0L=SER=1PIWPK« 

// DCB= (RECFM=F»RLKSIZE=10H) 

//SYSIN DD DUMMY 
// 


AGRUN 
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1.5 <3CL for Module Operation 
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//PGMGtN :jO« (bK9001 .7^‘i‘)SA\'bt^^bOfv;»CLAbb=F 
//STEPl EXEC PGM=IEF«»14 


DEFINE LOAD LIB-^APY 


'•'.fiV't paJATCL, PACwl. 


//*' 

//* 

//* 

//SYSUn OD DSM = ^b3?.0.EftPTHS>^^LOAi)yDlbP=(NEW«CATUb) ♦ 

// • UNlT-^3l4^\/OL=SLR= iSC^^TO^? l^PACE = (CYL » ( 1 0 » 2» ) ) * 

// DCb= (RECFF=U»BL^SIZE=72b4,bbOH«=PO) 

//SrEP2 EXEC Pf3M=IE3GtN6P,PEGlON=<y0K 
//<■ 

//* define MACPO IIHPARY A-iD E;(iTE-v nEmBEP bEl-UP 
//* 

//SYSPPIMT UD SYSOUT=A 

//SY5UT1 OD DSN=FTLEl.<.DISP=(OL/j»KEEP.KvLEP) « 

// UNIT = 240 0»VOL= (PR IVATF , PE r/n-U , SEK=ESC(J 40 ) 

// LAB£L=(1*SL) 

// UCB= (RECFM=FR,r.RECL = ^0«Riy^bIZE=3uu) 

//SYSUT2 DD DSN=t 6320 .eAHTHSAT.NACLrN» 01 SP=(iMt.v» 9 CATLG) , 
// UNIT = 23I4 9V0L=S£R= 5OT1TH ,SPACE=(CYL9 (I 9 .I 920 -) ) , 

// DCb= (R£CFM=FH,LP£CL = e0 9ciLKSI2:E=160u»L;5OPG=PO)' 
//SYSIN OD * 

CENEPATE MAXNAME=1 


i^EMHER NAME = SETUP 
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//STEP 3 EXEC aSMFCL»®AI^^'i*ASM='LOAl.)»NODECK**^'AHM« LKE'0= 'LET 

//^ . ■ 

//* LOAD SUBPOUT li'iE ACiIf' 

//* 

//ASM.SYSLIB 00 

// OD DSN=.1»-b3<fO.EA>-’T'HSAT-.MACLTH»-0-iSP=SHB • 

//ASM.SYS'IN DO OSW^F I L£ ? « DI SP= ( OLO ♦ KLtP » r> t EP ) » 

// UMIT = 240 0 » VOL= (PRI YATE »PET A.li'! ♦ ♦ St H=ESCl!40 ) » 

// LA6EL= ( 2>'SL ) » 

// l)CB=(RECFM=FB»LBE'CL = AO»‘iLKiSIZE=30l)) 

//LKEO.SYSLMOD 01) USK'=SF.3?0.F.APThSAT,LOAO*OISP=SHH, 

// SPACE=(CYL» {1U»2«?0) ) 

//LKEO.-SYSIN DD * 
alias OPENAG^AGPEAf) 

NAFE- aGIN(R) ■ 

/•» 

//SJF,P4 exec ASMFCL » PARM* A^>f>" = 'LOAD »N0DE C‘< * > PARm . LKhU- ’ LE f < XHLt ' 
//* 

//* LOAO SUBROUTINE AGuUT 

//* 

//ASt^.SYSLlH 00 

// OD DSM=^b3?'0.fAf-'TriSAT.,P/'CLlP^OISH-SHR 

//ASM.SYSIN OD - L)SM=FIL£T»DTSP= <OLI)»KtbP»KLtP) • 

// oNIT = 2400»VOL= (PP'IVATF ,WETAliM. ,bFK=ESC060) - 

// LA8EL=(3f'SL) * 

// DCB= (PECFI«=FB.LRECL-^^0»ML-\S1 ZE = «0 0 ) 

//LKED.SYSLlvtOD DD 0 SN =4 ^380 . t Ap 1 hS AT . LOAD » D 1 SP = SHK » 

// 5PACE= (CYL^ ( 109?»20) ) 

//LKED.SYSIN DD * 

ALIAS AGOPE'NiERWRRT.mFTwRT 
NAPE AGOUT(P) 
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//STEPb EXtC A5MFCL»P^RM,/iSM=<L0A|i.NUt>t;CK» , , LM- 0= • L ET,XKEF • 

//* 

//* LOAO SUBROUTINE HOA.M 

//* 

//ASM.SYSLIB DD ’ 

// • 00 DSN=‘h^,3?0.E'\i.7HSAT.r’ACLl»-J»DlSH = SnR 

//ASf^.SYSlN no 0SN=FlLF4,0IS>J=(0L0,KthP»KtEP) , 

// UNI,T=2400.VOL= {PRlVATf » RE T A 1 N . , SER=t Sl u 'f 0 ) , 

// LABEL=(4»SL) , 

// DCB= ( RECF M=FH , LRECL = BO « HL-sS 1 ZE =H 0 0 ) 

//LKED.SYSLMOO 01) D5M=9'^3?0 . E ar jhS A-T . LO Al.i i D I Sp = SHR , 

// SPACE=(CYL» (10«?«20) ) 

//LKED.SYSIN OD ■*' 

ALIAS HST(!PN»MSTCLS«riSTPU»HSl WKI ‘ 

NAME UPOATb' (P) 

//STEP6 EXEC ASMFCL. «PARW*ASM=»LOAf) .NUOLC .k • if-AHM,LKFD=»LE1 ♦XRhF ' 
//* • . 

//* LOAU SUhPOUTINE ABEMi) 

//* 

//ASM.SYSLIb OD 

// 00 0SN=‘i>D3P{) . E a-^ThS AT I b < 1)1 Sp = Shp' 

//ASM.SYSIN -DO D3N = F I LE<^' * U I SP= ( OLD ♦ , l-'t. P p ) . 

// OMIT=24009VOL= {PRlVATE»Rr7Ai-M« »SPR=ESCU4U) , 

// LABtL=(6»SL) » 

// OCB=(RECFM=FHiLRECL = 8tf'>PL''SlZE = H0y) 

//LKF D o S YSL MOD Of) 0SP*=‘t'f'3?0 » EAhI PSAT . LOAu » O I SP = ShK ♦ 

// SPACE=(CYL^ (10,2,20) ) 

//LKED.SYSIN dD * 

ALIAS ABED 
NAmF RWA(R) 
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/./STEP? EXEC F0PT6CL • PAR=V‘. F OH T= • map ♦ ID* » PAPH*LKEL)= ‘LEI » XkEF ' 
//* 

//* LOAD MODULE METPUN 

. 

//FOPT.SYSIN OD OSN=FlLFh»DISP= (OLO«F>£tP^KEEP) ♦ 

// UN1T=2'4-00»VOL= {PRI'/ATE»RETAIIM» « SE‘k=ESC U40 ) i 

// LABELS (fe»S,L) -i 

// DCB= (RECFM=FBt•LfiECL = B0»■BL^Si2E=30U) 

//LKtO.SY'SLIB DD 

// DD DSN = ^B'^20 .t:APTHSAT.LOAD>PlSP-bHR 

//LHEO* SYSLMOD OD OSN=1>-f!3?fO« tARTr.SAT,LOAD*DI SP=SHH» 

// SPACE=(CYL* (10»?»?0) ) 

//LKED.SYSIn DD * 

NAME METRUN(R) 
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//S-TFPb EXEC FnRTGCL*PARM»FORT='MAP» ID ^♦PAPM,LKEL)=NCAL 
//* - > ‘ 

//“' LOAD FIRST HALF'OF AGRUN' 

//* ■ • 

//FORT.SYSIN DD 05N=F I LF? ,.U I SP= ( OLD , h EEP , i< EEP ) » . 

// UNiIT = a40 0,VOL= (PRlVATE«RETAIhi» ♦ St:R=ESC040 ), , 

// LABEL=(7,SL)‘o 

// DCB=(RECFM=FH,LPECL=H0tBLKSI2h=80o) . 

//LHED.SYSLMOD DD DSN=t<S3aO . EaH THSAT. L OAD . DLs'p=SHR , 

// SPACE= (CYLt (109?,20) ) . 

•//LKED.SYSIN 00 * 

ALIAS SMTB6T*OP£NAG»OATLY»PMTI)AY 
NANE A(?SUB(P) 

//STEP9 EXEC ASPFCL * PARm . ASM= * LOAD t MODECK » , raPM * LKED= • XR tF » LtT ' 
//* 

//* LAOD MOiiULE AG»!IN 

//* 

//ASM.SVSLIH OB' 

// 00 nSM = V63''^0 .eA--<TrtSAT.''VVCLlB»L)lSi-=SHR 

//ASM.SY9TN DO DbN=F I LE A , D I SP= ( OLD « Kt EP ♦ Kt£P ) , 

// UNlT = a4U0i VOL = (PRIVaTE,PETA1iM. »SEk~ESC04 0) , 

// LAPEL= (B*SL) » 

// DC8=:{r?ECFM=FP«LRFCL=FOtRL'<SI2E = HnO) 

//L«<FD.SYSLIB DD DSN=SYS 1 . FORT l IH » D I SP = bhH 
// • • • OD i)SKt=%fST20.f APTHSAT.LOAOtUlSP = bhP 

//LKFDoSYSLMOn DD DSN=T<^320 , EA^c IHSAT , LOAD » D I 5 h = SHR. , ’ 

// SPACE= (CYL? ( 10»?»P0) ) 

//LKFO.SYSIfM DO 
ENTRY ASMmaIiv' 

NAPF AGRUN(P) 
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//STEPIO ExEC FORTfiCE»PARM.FOHT = *MAPt ID* « P Ahl-i , LKt‘D= ' LET *XHtF • 
//^ ■ . ■ ' - 
//•» LOAD MOUULE PPEORUM 

//* 

//FOPT.S-YSIN OD USN = F ILF>»DJ.^H= (.OLUsKEtPiKEtP) » 

// UlMrt=-?'4O"0 » VOL= (P'W'l VATE ,RF TAi-'t« ♦SF,h = ESLU40 ) . 

// LAHEL=(94SL) » 

// 0C8=(RECFM=FHiLPf CL = ^0»BL'<bIZE=y00) 

//LKED.SYSLIB DD 

// ‘ DO [)SN=i63?0.E*PTHSAT,LuAD»LilSH = bnR 

//LKF.D.SYSLMOU ■ OD DSN = 't;h320 . E aPTHSAT ,L0AU »0ISP=SHR, 

// 5PACE=(CYL« (10.2420) ) 

//LKEO.SYSIN DD 
NAPE PREDRUN(R) 
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/•/STEP 11 EXEC FOP7GCL*PAHM.FOF< f= * M/i p , ID • ♦ PaPM . LKED= * LE f * XREi- ' 
//« * 

//•» LOAD MODULE OAYPliN 
//* 

//FORT. SYS IN OD’ 0SN=F1LF 1 0 1 01 SP= { OLD » i< EEP i » 

// UNlT=240.0/VpL= (PRIVATE ^RETAlN. .SFk=ESC040 ) » 

// LABEL=(10»SL) » 

// DCB='(ReCFM=FB»LReCL = P0»BLKSl/f=8(J(j) 

//LKED.SYSLIP DD • ' • • 

■// OD OSN=$63?O.EaRTHSAT.LOAD-.lUSP=SHk . 

//LKED.SYSLMUO DD DSM=t6320 .EAkTHSAT .LOAD t DI bP = St:»K ♦ 

// SPACE=(CYL^ (10,2,20) ) 

//LKEO.SYSIN OD * 

NAME OAYRUiM(R) 

// 
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2.0 NASA/AGMET EXECUTION 

2.1 METRUN 

PurposGt To mod©! niGtGorol ogi cal data and display it. To 
produce a precipitation, TEMP MAX-MIN, ETP estimate as input to 
• A6RUN. 

Data Files 

a) FT32F001: Data for days processed in present cycle 

becomes input in the following cycle. 

b) FT29F001: Data for days processed in previous cycle; 

last day -initializes model for first day in this cycle. 

c) FT31F001: 6 hr data with daily summation, used for error 

analysis of MET model. 

d) FT30F001: Initialization file for region specific con- 

stants. 

e) FT05F001: Station & Satellite data. 

f) FT09F001: Map overlay data for output display. 

g) FT06F001,: Printer display file. 

2.2 AGRUN ' • 

Purpose: Agronomic growth model using- meteorological data, 

plant phenology, and region specific characteristics. 

Data Files 

a) FTO5F0OT: dummy file. 

b) ' FT06F001: Fortran error messages only. 

c) HISTORIC': Historical file which contains region specific 

agronomic parameters. 
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d) ARCHIVE: Previous CYCLE'S last day for initialization' of 

this CYCLE, (initially set for first CYCLE as file 
LACIE. START) 

e) METFILE: Sorted Daily meteorological data for use in 
AGRUN. 

f) TEMPARCH; This CYCLE'S last day file. 

g) NEWARCH: Daily file for error analysis. 

2.3 PREDRUN 

Purpose: Predicts yield using Region specific parameters and 

AGRUN growth parameter. Produces map of yield by 1,0, aggregates 
yield by State, county, crop reporting district. 

Data files 


a) 

FT05F001 : 

Map overlay, state, county vectors. 

b) 

FT06F001 : 

Map 1,0 output. 

c) 

FTlOFOOl: 

Aggregate listings. 

d) 

FT29F001 : 

Last day status from AGRUN. 

e) 

HISTORIC: 

Historical region specific characteristics. 


2.4 DAY RUN 

Purpose: Daily masters list of 1,0 's and associated growth 

parameters area. Produces maps of selected quantities. 
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DATA files 

a) .FT05F001: Map overlay data for output display. 

b) FT06F001; Map print file. 

c) FTlOFOOl:. 1,0 listing -print file. 

d) - FT09F001: Days to process in 12 format. 

e) FT29F001: Sorted agronomic daily status file.. 
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Systems -Considerations for NASA/AGMET Generation and Execution 
IBM Compatible Comparable With 

1) STANDARD system utilities 

2) STANDARD - sort-merge facilities 

3) STANDARD system catalogues 

4) STANDARD link editor and loader 

5) STANDARD MACRO library 

6) FORTRAN G compiler 

7) ASSEMBLE- F assembler 

8) STANDARD procedures (FORTGCL, ASMFCL) 


TABLE 5-3 
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2.5 OCL for .Program Execution 
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//MtTSTFP EXEC Pr.M = MKTrJl!N*RKb]0si=140K 
//* 

//* MfTEROLOGICAL Pf<OGKAM 

//* 

//STf-PLIG 00 DSW='B63«;0*F AhThsaT .LOAtif ur\! 11=^*314, VOL=SER= I r- 1 v)KK. , 
// ()ISP=SHR 

//FT05F001 OD C)L)MAMii=SY‘? I N 
//KT06K001 Ou SYSOUT=A 
//FT07F001 01) SYS0UT=0 
//ET29F001 L)l) DUMMY * i}Cb=HLKS 1 7E=?0 

//FT30F001 DU DSn=F 1 1.E 1? »UWI 1 =2400 ♦ \/OL=St k = ESCo aO ♦ 

// LABtL= ( i2«5L) » 

// DTSP=(OL0»KEt:P»KFtP) «DCH= (k£CFM=Fh ♦LHf CL = 7b*t‘ALKSIZ£ = 7bO ) 
//FT31F001 DD 0U*^‘M Y « l.iCR=bLKS I ZE=20 

//FT32F001 DO DSM=isXwET»UNIT=SY$OA«DlbP= (NEs^SPaSS) » 

// SPACE=(CYL» (10.4) »HLSE) ♦ 

// nCb=(PECFM=F.HLKSIZF=20) 

//SYSUDUMP L)U SYFOUT=A 
//FT09F001 DU * 
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//.SOWTf^E T tX EC Pf~w.= ' '^Sb=AP ' » PhGiuN=bOK 

//* ■ . • 

//* MtTEPLOGICAL SOPT FOP I-J^uT TO A6HUN 

//* 

//SYSOUT [)U SY'SOl)T = A 
//SYSPPIf-JT O'U SYSOUT = A . 

//SOHTLIFj DD OSNAMF=bYSl’.SOPrLlH*Dl,SP=bHr 
//SORTIN 01) uSM-K,S.MET»OISP=(OLDiDb'Lb re) » 

// UCB=(PECFM=F*LPFCL = 20»«LKbi;'t = ?i)) . 

//'SOP TOUT DD OSM=F.?-«r T S * UNIT- EYSlVA , 

// SPACe=(CYL» (T^»4) ,h'LSFJ * 

// DISP= (NFW,PASb*OFLt TE ) *OCh= (.PF CFM=F ,.LPfc.CL-/c;U ♦ bLKSI Zt-^- 0 ) 
//SOPTWKOl D0 UNTT-=?3l4*SPACt= (CYLt (b) » ♦CONTIb) 

//SORTWKO? DD UNlT=?31'4^bPACE= (CYL« (b) ♦ *CCM1 IF) 

//SORTWKOT OD IJMI T=23 1 4 , SP AD- = (CYL ♦ ( b ) « « CO-mT I b) 

//SOFTWK04 Dl) UN I T = 23 1 4 , SR ACt = ( CYL »( b )» 9 CON Tib ) 

//SORTWKOb UD UWlT=2314*SPACt= tCYL» ( b) » jCONTlb) 

//SYSIN OD « 

SORT FIFLDS= {1»2*A93»?9A»19<>29A) ,FoRNAT='->I 
-//AbSTFP EXtC PGM=AbPUN«PARM=»0^» 

//«- 

//«• AbPONAU'-’IC bPO‘«TH PROfiPA.’** 

//* 

/ /Slh'PLl^ OD DSN=¥632().EAPTHSAI .LnAb»UNlI = 23lA«i/0L=SER=IFi’«Pt<» 
// DISP=ShR 

//FTObFO -01 DD DONAHF=bYSlN 
//FTObFOOl Do SYbOI)T = A 

//HISTOPIC DD DbM=riIST .f’ 1 ^nj SP= (OLD 9 « r^t F P ) 9 

// UNIT = 23149 YOL=SFP=IPT‘aPK 

//ARCHIVE DO DSN = LAC'I,E.bTARr , i) 1 bP= ( OLU 9 K.t.t P 9 K nEP ) 9 

// UNIT = 231A9V0L = SEP=I PIv^PK 

//NFV'AkCh OD OSw=li.N''it H 9 0 I SP= { Nb.K 4 P ASb ) 9 
// bPACF= (CYL 9 (in, 4 ) 9 KLSt) . 

// UN1T=SYSDA9UCH= (wRCF^A=:F 9 ->L/bi /F = lOi- ) 

//TF.*^PAPCH DO DSM=»ir6.ARCP2 9DISK= D'iF'.'J9pASS) 9 

// bPACh=(CYL9 CIO 94 ) .m.SF ) 9 

// UNIT = SYSDA 9 DCH= (RfcCFM=F*s<LFbI/F=) OF) 

//mFTFILE do, DSN=S,isMt rS9UlSP= (OLiMOFLtTt) 

//SYSUDUMP DD SYSOUT=A 
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//PHFOSTEP EXEC PGM=Pkrj)PUW«wtGIOM=«oK 
//» 

//* PPEDICTION i^HUGPA'1 

//* 

//STFHL n OD nS)M='fr6 3£;0.FAPTHSAT.L0A:’i,UNn=?31‘f * VOL'=SER=IPIwkK » 
// OTSP=SHR 

//FT05F001 DO DDN'AMt =SYS liM 
//F106F001 01) SYSOUT=A 

//FTlOFOOl DO SVSOUT=CsOCB= (k-ECFmsFMa ,LHt-.CL=13J»BLKSI2t = 1330) 
//FT?9?00L DO DS•‘^! = &,^AKCl1H*DISP= (OLOfOtLElE) 

//HISTORIC DO OSw=HIST,Gl.()ISP={uLO»KEtP,KEEP)... 

// UlMlT=P3l4»V0L='iFRs:lDji;jPK 
//SYSUDUMP [JO SYSOUT=fi 
//SYSIW OD » 
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//SORTfiG EXE.C PG"<*=I(-' 00 » P akI''= ' viSG=AP » »f'LGlOl-'i=hOK 
//* 

//* AGHO'^jOMIC DATA SORT KUP IMPUT n DAILY LI^Tlf'jG 
//* 

//SYSOUT OD SYSniJT = A 
//5YSPKIMT |)D 5Y?-inUT = A- 

//SORTLiy DO OSNflMF. = SYS] .SOWlLlH.!iISH = ShH 
//SORTIN OD OSN=^:AWr.-.v,OISP=(OLD«OtLETt} » 

// ■ DCG= (PtCF'“i=F ♦BLKSIZE=] OH) 

//SURT-OUT l)D I>SN'=?.f^aG«nrSP='{r''£"i<PASS) » 

// UNIT=SYSUA»SPaCE= (1 OH « ( ? 1 1 6P <» I 0 ) » HLSt) » 

// |)C6=(R£CFf4=F»LRECL=10o«BLKSlZE = l Orj) 

//SOPTWKOl DO UWIT=P.H14» SPACt= (CYL ♦ (5>) * iCON rXB) 

//SORTWK02 00 UbIT=?, 3U.SPAC£= ICYL» (S) » tCONTIbJ 
//SORTWK03 DO UM T=?314, SPACc= (CYL » (b) * vCONTIG) 

//SOPTWK04 DO UMlT=P3I4»bPACF=(CYL» (b) »»CUMTIG) 

//SOPTWK05 DO UlMTT=Pii4, SPACl= (CYL« (b) » »CON'f IG) 

//SYSiN on * 

SORT FieLDS=<13^A, A, i .4* A,S>4» A»9»‘«-»A) ,FOPBAl=BI 
//DAYSTEP EXEC PGM=D 4 Y«f IN 
//* 

//* DAILY STATUS PROGRAM 

//* 

//Sj[:p|_If-i DU DSN='563HU.PARTH'5AT.LOA-"i»iJ'Mn=?3l4«vOL-bER~iPI‘/<RK» 
// l)ISP=SHR 

//FTObFOO] DD ODnAPE=SYSIM 
//FTObFOOI DU SySOUI=A 

//FTlOFOOl OU SYSOUT=C*UCr'= ( = A , LPt CL= 1 b3 » ^LKSl /IL- 1 3 30 ) » 
// SPACE=(CYLW30. 10) »RlS!= ) 

//FT09F001 DO * 

0 ? 

//F1P9F001 00 DSf-‘=S.RAG«nlSP= (OLO^DeLlTE^KKEP) 

//SYSIP 00 * 
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3.0 SYSTEMATIC OPERATION 
3.1 Master Files 

The following Data sets can be defined to allow efficient data 
storage and error recovery capability by creating master tapes with 
a file representing each CYCLE. 

a) FT32F001 

b) NEWARCH 


3.2 Generation Data Groups 


Generation data groups improve operational efficiency by 
reducing bookkeeping and improving significantly error recovery. 
Data sets defined as such should have the characteristic. Old 
Master - New Master. The following have this characteristic: 


Old Master 


New Master 


1 ) FT29F001 


FT32F001 


2) ARCHIVE 


TEMPARCH 


A-II-23 



AN EXPLANATION OF METRUN COMPUTER OUTPUTS 


EarthSat Daily Weather Diagnostic maps cover a region extending from 
Central Montana to Western Minnesota and from Southern Saskatchewan and 
Manitoba to Northern Wyoming and Nebraska. 

The boundaries of the Dakotas, part of Montana and Minnesota, are outlined 
on the map by asterisks. The topmost horizontal line on the map specifies 
the I values of the met cells (206 ^ I 4 232); the leftmost column specifies 

the J values (335 ^ J ^ 362). 


Shown at the bottom left corner surrounded by asterisks, are the meteoro- 
logical parameters for Manhattan, Kansas and Akron, Colorado, the two 
lysimeter sites which fall outside the diagnostic area. 

The map headings at the top right give the following information: 


- 

Example 

Page number (always 1) 

PAGE 1 

Julian Day (1-365 

DAY215 

End time of map (GMT) 

TIME 6 GMT 

Map number 

MAP 1 

Time Interval of map 

00-06 GMT 

Parameter mapped 

PREC 

Units and multiplier 

MM*10 
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Eleven maps are printed daily and an additional map of total precipitation 
is produced at the end of the seven days. Each map can be identified 
by the heading at the top right; Following is a list of these maps 
and an interpretation of the heading: 


Heading Clarification 


MAP 

1 

00-06 GMT 

PREC 

MM*10 


MAP 

2 

06-12 GMT 

PREC 

MM*10 

Estimated precipitation in units of 
• millimeters times ten for the indicated 

MAP 

3 

12-18 GMT 

PREC 

MM*10 

GMT period. 

MAP 

4 

18-24 GMT 

PREC 

MM*10 


MAP 

5 

00-24 GMT 

PREC 

MM*10 


MAP 

6 

00-24 GMT 

NET RAD LY/DAY 

Net radiation in langleys per day 


(calories per square centimeter per day). 


MAP 7 00-24 GMT ETP MM*10 Potential evapotranspiration for 24 hours, 

in millimeters times ten. 


MAP 8 00-24 GMT TMAX DEG C*10 . Maximum (minimum) temperature occurring 

in the 24 hour interval, in degrees 
^nP 9 00-24 GMT TMIN DEG C*10 Celsius times ten. 


MAP 10 00-24 GMT BMT*100 Bionieteoro logical time (x 100) at the end 

of the GMT day. BMT ranges from 0 at 
planting to 5 at ripe and is set to -1 
at harvest. 


MAP 11 00-24 GMT SOLAR RAD LY/DAY Solar radiation in langleys per day. 


MAP 12 TOTAL PRECIP (MM) 7 DAYS Estimated precipitation in millimeters for 

seven day period. 
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Preceding each of the six hour precipitation maps is a one, page listing 
of the satellite cloud cover data and synoptic station data that have 
been utilized to calculate precipitation, ETP, radiation, maximum and 
minimum temperatures, and BMT. 

The satellite information contains day, GMT times of images, in eigths 
different cloud types, number of corners (K) of the cloud polygon analyzed, 
and latitude - longitudes of cloud polygon vertices. 

The ground station information contains the WMO station number, date and 
time of observation and cloud, precipitation, temperature, dew point 
information encoded according to a standard WMO teletype transmission 
procedure. 


A-II-26 



DEFINITIONS - VOL. 2 AGRUN 


A number of abbreviations are included in the VOL. 2 AGRUN listing 
report. The following discussion will seek to define each of the 
abbreviations. 


COL - Column (I) in the I,J,K matrix. 1=206 defines the extreme 
western boundary. 1=232 defines the eastern most boundary. 

ROW - Row (J) in the I,J,K matrix. J=336 defines the northern- 
most row while J=362 defines the southernmost. 

1/4 - Cell (K), numbered 1-4 from lower right to upper right 

around each I,J )Column, Row) location. Each cell (K) is 
approximately 12.5 x 12.5 nautical miles N.M. in size. 

(The I,J grid interval is 25N.M.) 

JUL - Julian day. J=151 = 31 May. 

BMT - Biom.eteorological Time. This is a clock which represents 
growth stages of the spring wheat crop. 

0 - Planting 

1 - Emergence 

2 - Jointing 

3 - Heading 

4 - Soft Dough 

5 - Ripe 

These values represent the 50 percent level for a county. 
Some variances to the 50 percent range will be experienced 
at the cell (K) level . 

SM (1),...(3) - 

Soil Moisture in millimeters for the zones which define 
the soil moisture profile. The zones are defined on the 
basis of available water in percent of capacity. Three 
soil categories are employed. 

Soil Cat. 1 175 mm 

Soil Cat. 3 115 mm 

Soil Cat. 4 75 mm 
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ET (1), 

ETP - 

ETPAV - 
Prec - 
Stress 

TMAX. - 

TMIN- 

CRNOFF 

SIRS 1 
STRS 2 
SIRS 3 


(3) “ 


Actual transpiration represented through removal of 
moisture from thesoil profile. Rooting coefficients 
access each of the three layer zones as a function of 
BMT (groivth stage). Adjustments are included in the 
■rooting pattern for dry soil in the' upper zones. 


Potential evapotranspiration for a 24 hour period. 
This value represents atmospheric demand on the. 
soi 1/plant system. 


The average ETP for the period- from planting to the 
current growth stage. 


The amount of rainfall for the 24 hour period ending at 
2400 GMT on the listing J-day (0UL)‘. 


The difference in the ratio of ET (actual transpiration) 
to ETP (potential evapotranspiration) from one (umtyj 
for the J day. 

^ ♦ 

24 hour maximum temperature in degrees Centigrade. 


24 hour minimum temperature in degrees Centigrade. 


The' amount of water which would accumulate on a flat 
surface, if; 

(a) the rainfall exceeds 25 mm in a single 24 hour period 

fb! the field capacity of all zones is at capacity and 
the rainfall for 24 hours exceeds the ETP 


Total stress (1 - ET/ETP) 
Total stress (1 - ET/ETP) 
Total stress (1 - ET/ETP) 


Planting to emergence (8MT= 0-1) 
Emergence to Jointing (BMT= 1-2) 
Jointing to Heading (BMT= 2-3) 
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SIRS 4 - 


Iota! stress (1 - ET/ETP) Heading to Soft Dough (BMT= 3-4) 

SIRS 5 - 

Total stress (1 - ET/ETP) Soft Dough to Ripe .(BMT= 4-5) • 

NO 1 5 - 

Total number of days with stress in the periods 0-1, 1-2, 2-3 
3-4, and 4-5. 

CRPD - Total number of days since planting 

TSIT - Indicator of a test site location. (Not used in the current 
operating mode, since test sites are handled as a separate, 
off-line, activity. 

RAD - Net radiation 
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APPENDIX III 


Soil Moisture 
Subcontract Reports 


from 

North Dakota State University 
Montana State University 



SOIL MOISTURE MEASUREMENTS REPORT 


conducted by 
Soils Department 

•North Dakota Agricultural Experiment Station 


submitted to 

Earth Satellite Corporation 

contract no. NAS 9-l’4655 




Date 



Dr, C, M. Smith, Department Chairman 







Report of Soil Moisture Mnnsuremonts 
by 

K. Worcester 

riiis report is subinittod to Earth Satellite Corporation in fill-' 
rilJmcnt of contract number MS 9--14655 dated July 28, 1975. This 
conti-act required measurements of soil moisture profiles at given 
locations through harvest of the crops and a report of data by October 1, 
1975. However, as the season progressed it becane apparent' that harvest 
of the grain would be delayed at some sites and to meet the October 1 
schedule, data collection would be incomplete. Dr. A. B. Park of 
Earth Satellite Corporation was informed of this situation and a decision 
was made to continue data collection through the harvest thereby delaying 
submission of this report. 

Subsequent to receipt of the contract, sites were selected cor- 
responding as closely as possible to the specifications provided. This 
was accomplished by visual observation of the crop and soil. Certain 
geomorphic considerations entered into site selection. It was decided 
that, in order to avoid complications arising from aspect of the sites, 
they would be selected as nearly as possible on level upland areas. 

This eliminated to a large degree, differences in the angle of incidence 
of sunlight and therefore soil temperature and moisture variation more 
to aspect than climatic conditions. Soil moisture access 
tubes were installed at each site with a hydraulic soil coring machine. 
The samples were retained for analysis to provide data on soil character- 
istics which could have an influence on soil moisture and crop perfor- 
mance and yield. 

Soil moisture measurements were made at weekly intervals through 
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harvest time. A Troxler soil moisture neutron probe was used. Each 
time soil moisture was measured, the growth stage of the crop was 
recorded using the standard Feekes scale. 

Properties of the sites were determined in the laboratory and are 
presented in'Tables 1, 2, and 3. Size fractions were determined by 
the pipette method (Kilmer and Alexander, 1949). Clay is defined 
as having an effective particle diameter of less than two microns, 
silt size is from two to 50 microns and sand size particles are greater 
than 50 microns in diameter. This is in accordance with standard USDA 
terminology (Soil Survey Staff, 195i) . The sand content was determined 
by wet sieving. Bulk density, Dg, was determined by the clod method 
(Blake, 1965). Moisture content at 1/3 and 15 atmosphere tension was 
determined on pressure plate apparatus (Richards, 1954). Available water 
content was defined as the diference between these tensions. Available 
water content, gravimetric percent, times bulk density- provides available 
water content on a volumetric basis. The amount of available water 
capacity in each layer is then easily calculated. The electrical 
conductivity in millimhos was measured on a 1:1 soil-water- extract. Osmotic 
pressure of the solution can be approximated by the equation: 

O.P. = 0.36 X EC X 10^ (Richards, 1972). 

This value would represent the osmotic potential of the soil solution 
at a saturation moisture content. Obviously, as the moisture content 
decreases, the concentration of salts, and the osmotic potential, will 
increase. Furthermore, the inclusion of osmotic pressure considerations 
into available water contents would require construction of moisture 
characteristic curves with points such as 1/10, 1/3, 5’, 10 and 15 atmos- 
phere moisture contents. This appeared to be beyond the scope of the 
project. 

In Divide County (Table 1), site 1 was designated as a loam site. 
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Thare are 22.12 cm available water content in the upper 100 cm of' soil 

and 29,52 cm in the 130 cm section. This site is located in NW h f^cc. 36, 

T, ,163 N. , R. 97 W* Wells durum' wheat was seeded with rows running east- 
west on May 20, 1975, and harvested September 16, 1975, The field was 
unfertilized and showed no hail or insect damage. The yield was 30 
bushels per acre. This vjas the first year this field had been seeded 
following summer fallow. 

Site 2 was selected to represent a sandy textured soil. The soil 
has an available- water capaeptiy of 14.94 cm in 100 cm depth and 20.89 cm 
in 130’ cm. It is located in SW % sec. 35, T. '102 N. , R. 96 W. Ward 

durum wheat was seeded with east-west rows on May 22, 1975, and was 

harvested. August 30, 1975. The field received 40 pounds per acre of 
18-48-0 fertilizer at seeding, showed no hail or insect damage and yielded 
13 bushels per acre. This crop followed summer fallow in 197^. 

Site 3 was selected as a lo^ textured soil showing salt effects 
on the crop. The salt effects which were visible were a spotty appearance 
of the crop and, where the crop was short, it exhibited a definate 
blueish color. At the time of observation, this soil appeared very 
moist. The crop actually seemed ,to be suffering from drought conditions 

1 i 

when the access tubes were installed but the soil was saturated at a 

depth of about 40 cm. The available water content is 19-41 cm in 100 cm 

and 24.96 cm in 130 cm. EC values indicated that salts were present (Table- 1) . 

The field, is located in NE h sec. 1, T. 162 N., R. 97 W. Ward durum 

wheat was planted May 24, 1975, and harvested September 12, 1975- Rows 

were oriented north and south. The field was fertilized at seeding with 

40 pounds per acre of 34-0-0. No hail or insect damage was observed, and 

a yield 15 bushels per acre was reported. This was the third consecutive 

crop on this field. It is interesting to note that the moisture status 

of this field was not markedly different from field 1 which had been 
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Riiimnor tallowd the previous year. 

Site f\ is located in SE h, sec. 2, T. 162 N., R. 97 W. The available 
water content was 19.40 cm in 100 cm and 20.65 cm in 130 cm, Rolette 
durum wheat was planted with east-west row orient.at ion on May 25, .l 975, 
and at harvest, September 13, 1975, yielded 25 bushels per acre. No 
hail or insect damage was observed. No fertilizer was applied to this 
crop following summer fallow in 1974, This field did show salt influence 
on 'this crop. 

In Burke County (Table 2), site 1 was selected to represent a loam 
texture. The soil had an available water content of 16.50 cm in 100 cm 
and' 23.46 cm In 130 cm. It is located in Nl'J h sec. 32, T. 163 N., R. 88 W. 
Rolette durum wheat was planted with north-south row orientation, on 
May 27, 19'75, and yielded 30 bushels per acre at harvest on September 13, 
1975. The .crop was uneffected by hail or insects and was unfertilized. 

Site 2 was selected as a loam soil and had an available water 
content of 17,60 cm in 100 cm and 24.94 cm in 130 cm. The site is 
located in NE h sec. 33, T. 103 H. , R. 89 W. Rolette durum wheat was 
planted on June 2, 1975, and harvested on September 23, 1975. The rows 
were oriented east and west. 16-20-0 fertilizer was applied but the rate 
was unreported. No hail or insects damaged the field and the yield was 
30 bushels- per acre. 

Site 3 was selected as sandier textured. The available water holding 
capacity was 11.89 cm in 100 cm and 15.82 in 130 cm. It is located in 
SE h sec, 29, T. 163 N. , R. 89 W, Chris hard red spring wheat was planted 
May 30, 1975, and harvested September 26, 1975. Rows were oriented east- 
west. The field was not fertilized and no damage was observed from hail 
or insects. The yield was reported at 3.0 bushels per acre. 

Site 4 was selected as a salt affected loam textured soil. The 
available water capacity was 20.17 cm in 100 cm and 26.73 cm in 130 cm. 
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Wnldron li.-u'd rod spring vjheat, c.ist-west roi^ orientation, was seeded on 
May 16, 1975>, and harvested August 31, 1975. The field was fertilized 
at an undetermined rate with 18—28—0. The field was undamaged and 
yielded 20 bushels per acre. 

The soils in the Williams County area wei*e (Extremely uniform in 
texture and were not salty. Therefore, all four sites v;ore selected 
as loam textured (Table, 3).. Site 1 was located in NE h sec. 17, T. 150 N. , 
R. 99 W. The available water holding capacity was 15.41 cm i.n 100 cm 
and 20.47 in 130 cm. The field was planted May 27,, 1975, and, harvested 
between September 9 and 15,, 1975. Waldron hard red spring wheat was 
planted around the edge for 72 feet and Olaf semi-dwarf hard red spring 
wheat- was planted in the center. Rows were North-South, The reason 
for this strange planting is unclear. The field was not fertilized and 
yielded 29 bushels per acre. 

Site 2 was located in NE h sec. 15, T. 156 N. , R. 99 W. The available 
water holding capacity was. 11.89 cm in 100 cm and 15.82 cm in 130 cm. 

The reason is the sandy loam texture from 60 to 130 cm. The planting 
date was May 22, 1975, and no fertilizer was applied. This field was 
planted the opposite of site 1, with Olaf around the edge and Waldron 
hard red spring wheat" in the middle.. Rows were east— west oriented. No 
hail or insect damage' was observed and no yield was reported. 

Site' 3 was located in NW Jg sec. 14, T. 150 N., R. -99 W. The 
available- wafer holding capacity was 15.89 cm in 100 cm and 21.52 cm 
in 130 cm. The field was seed to Waldron hard red spring wheat with 
north-sou.th rows on May 6, 1975, and was harvested between August 27 
and September 3, 1975. No fertilizer was applied and no hail or insect 
damage was descernable. The yield was 25 bushels per acre. 

Site 4 was located in NE h sec. 13, T. 150 N. , R. 99 W, The available 

water holding capacity was 15.54 cm in 100 cm and 20.87' cm in 130 cm. 
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Wn1<*)nn rGcJ spring' wheat \.ms planted with cast -west 

27, 1975, ;md' harvested bcLwotm So.ptciiibcr 3 and 9, 1975. 
fiiitUixed with 3A-0-0 at a riJte of 30 pounds per acre. 


rows , on May 
The field Wiis 
No damage was 


observed and no yield was reported. 

The moisture profiles are reported in tables 4, 5, and 6. All 
values are' in volumetric percent by date and stage of growth. 

The sites were reviewed by Dr. 'A. B. Park of Parth Satellite. 
Corporation in August, 1975. During discussions at that time, it was 
Celt dcsireable that future efforts be initated early enough to. encompass 
the entire growing season. Access tubes should be placed no later than 
mid-May. In addition-, it would seem .adviseable -to determine the fertility 
status of the sites. Such an inclusion would do much to complete the- 


picture of yield. 
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Table !• Properties of Sites in Divide County, North Dakota* 



Depth, 

Site 

I'CHCtions, 7« 

USDA 



cm 

Sand 

Silt 

Clay 

Text . 

gra/ cc 

1/3 ATM. 

0-10 , 

/28.05 

60.69 

11.26 

SiCL 

1.19 

. 41.80 

10-25 ' 1 

126.31 

60.67 

i3.02 

SiL 

1.22 

32.62 

25-40 1 

128.10 ' 

59.12 

12.' 78 

SICL 

1.31 

. 29.52 

40t60 'U 

f26.78 - 

44.17 . 

17 . 39 

L 

i.37- 

32.69 

60-100 ■■ \ 

;26.19 

55.94 

17.87 

SiL 

1.38 

31.59 ■ 

100-130 

25.03 

41.72 

C30I 

L 

1.51 

29.98 

0-10 

56.28 

37.27 

6.25 

SL 

1.31 

18.14 

10-25 

46.30 

50.30 

3.40 

SiL 

1.36 

15.94 

25-40 

47.13 

43.06 

9.21 

L 

1.33 

19.28 

40-60 

•38.40 

51.29 

10.31 

' SiL ' 

1.28 

23.88 

60-100 

33.21 

51.17 

15 . 62 

SiL 

1.35 

23.60 

100-130 

47.10 

42.44 

10.46 

L 

1.42 

25.76 

0-10 

37.74 

54.37 

7.89 

SiL 

• 1 . 22 ' 

23.23 

10-25 

35.14 

49.60 

15.26 

L 

1.27 

23.44 

25-40 

43.47 

45.31 

]1.22 

L 

1.32 

25.70 

• 40-60 

38.68 

58.76 

2. 56 

SiL 

1.34 

26.03 

60-100 

22.90 

72.89 

4.21 

SiL 

1.41 

28.63 

100-130 

22.94 

70.59 

•6.47 

SiL 

1.43 

29.13 

0-10 

31.26 

60.85 

7.89 

SiL 

1.30 

21.41 

10-25 

44.02 

51.36 

4;62 

SiL 

1.33 

27.90 

25-40 ■ 

50.11 

46.29 

3; 60 

L 

1.39 

30.54 

40-60 . 

49.84 

41.71 

8.45 

L 

1.42 

24.53 

60-100 

24.60 

7.88 

3.52 

L 

1.58 

22.78, 

100-130' 

22.91 

76-05 

1.04 

L 

1.61 

18.62 



• Water Content, %• 

- 

cm in 

EC, 

O.P. 

15 ATM. 

A.W. 

Vol. 

Layer 

uiinhos 

ATM 

15.41 'L 

I26.39 

31.40 

3.14 

0.54 

0.19 

15.38 f 

' 17 . 24 

21.03 

'3.15 . 

0.33 

0.12 

• 13.18.^ 

16.34 

21.40 

.3.21 

•0.38 

0, 14 

1 

■ 15.93 n 

16.-76 

22.96 

4.59 

0.-55,. 

0.20 

. 15.95 . I 

15.64 

21.58 

8.63 

■ 0.52 

0.19 

14.96 1 

15.02 

■ 22.68 

6.80 

0.33 

0.12 

8.41 

1 9.73 

12.75 

1.27 

0.19 

0.07 

7.36 

8.58 

11.67 

1.75 

0.12 

0.04 

9,52 - 

(^9.76 

11.09 

1.66 

0.17 

0.06 

10.51 ’ 

13.37 

x7 . l.L 

3.42 

0.17 

0.06 

10.94 9^ 

12.66 

17.09 

6.84 

0.26 

0.09 

11.79 / 

13.97 

19.84 

5.95 

'2.20 

0.79 

8.61 

14,62 

17.84 

1.78 

0.25 

0.09 

ii.50 

11.99 

15.23 

2.23 

0.33 

0.12 

10.73 ^ 

/14.97 

19.76 

2.96 

0.83 

0.30 

11.51 

14.52 

19.46 

3.89 

3.40 

1.22 

13.56 

15.07 

21.25 

8.50 

7.30 

2.63 

16.19 

12.94 

18.50 

5.55 

9.60 

3.46 

. 8.78 

12 . 63 

16.42 

1.64 

0.43 

0.15 

8.32 

p.9.58 

26.04 

3.90 

, 0.18 

0.06 

7.06 

L23.48 

32.64 

4.89 ■ 

0.15 

0.05 

9.14 

15.19 

16.61 

3.32 

0.91 

0.33 

13.84 

f8.94 

14.12 

• 5.65 

7.00 

2.52 

16.03 

2.59 

4.17 

1.25 

10.50 

3.78 


00 

1 



Table 2. Properties oC Sites in Burke County, North Dakota 


Depth, 

Site 

Fractions, % 

USDA 



Water 

Content, 7c 

> 

cm in 

. EC, 

O.P. 

era 

Sand 

Silt 

Clay 

Text . 

gm/cc 

1/3 ATM. 

15 ATM. 

A.W. 

Vol. 

Layer 

nrnihos 

ATM. 

0-10 

27.67 

61.51 

30.82 

SiL 

1.13 

30.89 

12.07 

18.82 

21.27 

2.13 

0.42 

0.15 

10-25 

. 29.31 

61.11 

9.58 

SiL 

1.17 

24.50 

12.68 

11.82 

13.83 

2.07 

0.18 

0.06 

25-40 . 

36.33 • 

4.8.72 

34.94 

L • 

1.23 

24.09 

14.27 

9.82 

12.08 

1.81 

0.25 

0.09 

25-60 

41.01 

46.29 

12.70' 

■ L 

1.31 

21.56. 

10.01 

11.55 

15.13 • 

3.03 

2„40- 

0.86 

60-100 • 

27.97 

68.93 

3.60 ■ 

-SiL 

.1.36 

23^74 

10.03- 

13 .71 

18,84 • 

' 7.46 

5.50 

X . 98 

100-130 

20.26 

73.09 

6.65 

SiL 

1.41 

28.18 

11.73 

16. .45 

23.19 

6.96 

6.20 

2.23 

0-10 

36.46 

53.32 

10.22 

S xL 

1.18 

24.65 

12.07 

12.58 

14.84 

1,48 

0.40 

0.14 

10-25 

31,38 

56.11 

32.50 

■ SiL 

1.21 

25.44 

12.66 

12.78 

• 15.56 

2.32 

0,28 

0.10 

25-40 

23.29 

58.88 

17 , 83 

SiL 

1.23 

25.31 

12.14 

13,17 

16. ,20 

2.4'3 ■ 

2.30 . 

0.83 

40-60 

22.61 

63.81 

13.58 

SiL 

1.27 

22.35. • 

9.78 

12.51 

15.96 

3.19 

2.10 

0.76 

60-100 

21.73 

67.01 

11.26 

• SiL 

'1.36 

28.30 

13.26 

15.04 

20.45 

8.18 

0.74 

0.27 

100-130 

15.46 

75.69 

8.85 

SiL 

1.44 

29.62 

12.63 

16.99 

24.46 

7.34 

3. .50 

1.26 

' 0-10 

29.39 

57.35 

13.26 

SiL 

• 1.28 

31.99 

14.06 

17.93 

22.95 

2.29 

0.35 

0.13 

10-25 

33.98 

55.52 

30. .50 

SiL 

1.31 

23.22 

10.04 

13.18 

17^26 

2.59 

0.12 

0.04 

25-40 

27,67 

58.79 

13.54 

SIL 

1.36 

2i.99 • 

10.97 

11.02 

14.99 

2.25 

0.15 

0.05 

40-60 

23.40 • 

60.42 

16 . 18 

SiL 

1.33 

25.36 

13.17 

12.19 

16.21 

3.24 

0.16 

0.06 

60-100 

55.80 

36.79 

7.41 

SL 

1.37 

18.10 

7.76 

10.34 

14.16 

5.67 

0.45 

0.16 

100-130 

8.54 

81.08 

10.32 

Si 

1.42 

23.02 

9.95 

13.07 

18.56 

5.57 

i;i4- ' 

0.41 

0-10 

31.98 

53.68 

14.34 

SiL 

1.16 • 

29.47 

13.56 

15.91 

18,45 • 

1.84 

. 5.60- 

1.30 

10-25 

29.77 

66.06 

4.17 

SiL 

1.23 

31.32 

17.08 

14.24 

17.52 

2.63 

4.40 

■ 1.58 

25-40 

27.65 

67.10 

5.25 

SiL 

1.25 

29.09 

14.00 

15.09 

18.86 

2.83 

5.00 

1.80 

•40-60 

38.32 

55.63 

■6.05 

SiL 

1.31 

26.90 

12.22 

14.68 

19.23 

3.85 

5.40 

1.94 

60-100 ■ 

22.85 

72.58 

4.57 

SiL 

1.34 

28.42 

11.59 

16.83 

22.55 

9.02 

4.90 

1.76 

100-130 

27.39 

68.40 

4.21 

SiL 

1.42 

27.60 

12.19 

- 15,41 

21,88 

6,56 

5.90 

■ 2.12 



Table 3. Properties of Sites in WiLliams County, North Dakota 


Site 

Depth, 

Site 

Fractions, % 

USD A 




cm 

Sand 

Silt 

Clay 

Text , 

gm/cc 

1/3 ATM. 

1 . 

^0-10 

34.06 . 

53.72 

12.22 

SiL 

1.27 

25.75 


10-^25 

35.64- 

53.45- 

10.91 

SiL 

1.31 • 

. 23.93 


25-40 

33.95 

53,00 

13.05 

SiL ■ 

1.28 

23.91 


40-60 

50.39 . 

36.63 

12.98 

.SiL 

1..31 

18.59 


60-100 

29.00 

48.68 

22.32 

L 

1.51 

25.78 


100-130 

21.21 

60.72 

18.07 

SiL 

1.53 

23.24 

2 

0-10 

‘31.01 

57. .13 

11.86 

SiL 

1.22 

24.96 


10-25 

31.36 

57.10 

11.54 

SiL 

1.23 

22.84 


25-40 

20.87 

59.71 

11.42 

SiL 

1.30 

22.66 

■ 

40-60 

31.80 , 

54.30 

13.90 

SiL 

1.39 

22.72 


60-100 

68.87 

26.68 

4.45 

SL 

1.27 

12.04 


100-130 

59.56 ■ 

‘33.91 

6.53 

SL 

1.40 

17.51 

3 

0-10 

41.28 

47,02 

11.70 

L 

1.25 

22.45 


10-25 

37.32 

45.65 

17.03 

L 

1.31 

23.61 


25-40 

32.32 . 

46.97 

20.71 

L 

1.33 

22.39 


40-60 

31.64 

60.51 

7.85 

SiL 

1.42 

24.96 


60-100 

32.80 

61.63 

5.57 

SiL 

1.47 

25.69 


100-130 

33.35 

62.08 

4.57 

SiL 

1.52 

24.77 

4 

0-10 

39.66 

44.19 

16.14 

L 

1.19 

24.62 


10-25 

34.81 

44.12 

21.07 

L 

1.23 

26.63 


25-40 

32.34 

44,98 

22.87 

L 

1.31 

28.08 


40-60 

27.98 

50.66 

21.35 

SiL 

1.27 

25.95 


60-100 

34.08 

60.79 

5,13 

SiL 

1.35 

23.10 


100-130 

32.77 

51.24 

]5.98 

SiL 

1.48 

24.17 


Water Content, % 


15 ATM. 

A.W. 

Vol. 

18.28 

12.47 

15.84 

13.28 

10.65 

13.95 

15.88 

8.03 

10.28 

9.75 

8.84 

11.58 

12.74 

13.04 

19.69 

12.35 

10.89 

16 . 66 

11.90 

13.06 

15.93 

11.45 

13.39 

16.47 

12.24 

10.42 

13.55 

12.27 

10.45 

14.52 

6.34 

5.70 

7.24 

8.16 

9.35 

13.09 

12.38 

10.07 

12.59 

14.64 

r"8.97 

11.75 

12.78 

L0.6I 

12.78 

13,49 

11.47 

16.29 

12.61 

13.08 

19.23 

12.42 

12.35 

18.77 

13.41 

11.21 

13.34 

13.64 

12.99 

15.98 

13.39 

14.69 

19.24 

13.84 

12,11 

15.38 

-12.26 

10 . 84 

14.63 

12,16 

12.01 

17.77 


cm in 

EC, 

0.?. 

Layer 

mmhos 

ATM. 

1,58 

0.70 

0.25 

2.09 

0.31 ‘ 

0.11 

1.54 

0.37 

■ 0.13 

2.32 

0,57 

0.20 

7.88 

0.52 

0.19 

5.00 

0.65 

0.23 

1.59 

0.41 

0 . 15 

2.47 

0.23 

0.08 

2.03 

0.16 

0.06 

2.90 

0.31 

0.11 

2.90 

0.24 

0.09 

3.93 

0.31 

0,11 

1.26 

0.32 

0.11 

1.76 

0.24 

0.09 

1,92 

0.20 

0.07 

3.26 

0.24 

0.09 

7.69 

0.23 

0.08 

5.63 

0.27 

0.10 

1.33 

0.26 

0.09 

2.40 

0^20 

0.07 

2.89 

0.25 

0.09 

3.07 

0.24 

.0.09 

5.85 

0.25 

0.09' 

5.33 

0.31 

0.11 
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Table 

4* Moisture 

Profiles 

for Sites 

in Divide County, 

North 

Dakota 


• 

. 


Site 

1' 



Date 

Growth, Stafe 



Depth 







0-10 

10-25 

25-40 

40-60 

60-100 

100-130 

7-15 

7 

13.73 

20.60 

24.83 

29.85 

•38.27' 

'(4.16 

7-22 

10 

43.08 

22.17 

24.52 

.28.52 

38.04 

42.90 

7-29 

10.5.4 

J5.34 

19.40 

22.57 

28.28 

37.05 

4 3.. 6 5 

8-4 

10.5.4 

19.53 

19.34 

22.83 

29.17 

40.23 

46.93 

8-11 

11.1 ■ 

17.23 

20.38 

23.73 

32.18 

38.15 

42.90 

8-19 

11^2 

30,08 

27.89 

22.99 

24.64 

35.24 

40.11 

8-27 

11.2 

27.77 

31.90 

25.90 

27.43 

35.14 

39.76 

9-5 

11.3 

27.37 

33 .,04 

30.02 

32.75 

34.93 

39.99 

9-10 

11.4 

20.32 

30,37 

27.73 

32,18 

34 , 22 

39.18 

9-16 

(Harvested) 

24.56 

30.28 

28,76 

33.62 

35,76 

39,18 


Date 

Growth, Stage 



Site 

2 





Depth . 

, cm 





0-10 

10-25 

25-40 

40-60' 

60-100 

100-130 

7-15 

10.5 

8.41 

18.43 

19.53 

21.38 

28.04 

20.3^ 

7-22 

10.5.4- 

15.93 

19.07 

19.47 

20.34 

26.39 

20.17 

7-29 

11.1 

14.49 

18.34 

18.78 

19.61 

24.96 

20.38 

8-4 

11.2- 

11.61 

18.32 

18.85 

19.32 

24.58 

20.60 

8-11 

11.3 

12..98 

19.82 

21.88 

27.66 

24.71 

38.61 

8-19 

11.4 

17.49 

23.97 

21.74 

19.30 

24.83 

20.95 

9-4 

(•Harvested) 

14.99 

26.61 

26.32 

21.38 

25 '.'97 

20.68 

9-1,0 

- 

15.85 

18.98 

24.27 

24.96 

22.62 

19.18 

9-16 

- 

17.88 

22.68 

25.56 

24.83 

26.32 

21.12 



-12-r 


Table 4 (con't) 


Site 3 


Date 

Growth. Stage 



Depth, 

cm 



o-io 

10-25 

25-40 

40-60 

60-100 

100-130 

7-15 

10 

4,84 

18.27 

21.60 

25.69 

31.71 

34.22 

7-22 

• 10. 5. -4 

18.14 

21.51 

24.45 

25,09 

31.90 

34.42 

7-29 

11.1 

8.48 

18.41 

22.27 

26.32 

31.81 

33.92 

8-4 

11.2 

9.34 

18.85 

23.38 

28.93 

35.66 

37.27 

8-11 

11.3 

13.41 

19.64 

23.73 

30.63 

34.73 

37.60 

8-19 

11.4 

28.54 

24.52 

25.36 

29.59 

34.52 

38.72 

8-27 

11.4 

22.67 

33.72 

25.97 

28.44 

32.09 

34.52 

9-4 

11.4 

23.81 

35.14 

27.35 

27.66 

31.53 

32.94 

9-10 

11.4 

14.77 

32.09 

26.39 

27.73 

32.09 

34.02 

9-16 

(Harvested) 

19.93 

30.81 

27.05 

27.97 

32.75 

34.52 






Site 

4 



Date 

Growth Stage 



Depth 

, cm 



0-10 

10-25 

25-40 

40-60 

60-100 

■ 100-130 

7-15 

10/3 

■9.04 

17.12 

18.36 

25.83 

42.77 

42.77 

7-22 

10.5.4, 

16.21 

18.36 

19.03 

25.56 

43.27 

41.30 

7-29 

10.5.4 

12.86 

15.25 

18.33 

23.44 

41.30 

37.71 

8-4 

11.1 

8.74 

18.12 

18.37 

28.85 

45.07 

38.49 

8-11 

11.1 

12.84 

18.20 

18.36 

27.12 

42.52 

35.03 

8-19 

11.2 

27.57 

19.27 

18.32 

24.77 

38.38 

32.87 

8-27 

11.3 

24.58 

24.52 

19.15 

26.39 

39.99 

32.27 

9-5 

11.4 

22.33 

28.20 

24.27 

23.67 

39.99 

33.62 

9-10 

11.4 

18.29 

25.09 

20.07 

29.42 

37.82 

33.92 

9-16 

(Harvested) 

24.43 

24.21 

20.87 

25.76 

38.95 

33.82 
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Tafale 5. Moisture Profiles for Sites in Surke County, North Dakota 

_ Site 1 


Date Growing- Stage ^ Depth, cm 




0-10 

10-25 

25-40 

■ 40-60“ 

“60-100 

10Q--300 

7-14 

10.5.2 , 

9.01 

18.36 

18.87 

23.44 

29.68 

37.60 - 

7-22 

10. 5 .'4 

17.56 

18.93 

18.93 

20.20 

29.17 

36.94 

7-29- 

11.1 

10.82 

18.85 

19.45 

20.42 

29.26 

38.49 

8-5 . 

11.1 

11.23 

19.25 

19.32 

23.38 

' 33.33 - 

46.26 

8-11 

11.2 

19.42 

23.67 

20.34 

22.12 

30.19 

41.30 

8-19 

11.3 . 

27.47 

23.85 

21.08 

22,89 

31.81 

42.40 

8-27 

11.3 

21.83 

23.05 

20.45 

22.57 

29.51 

40.82 

9-4 

11.4- 

25.66 

30.45 

26.32 

24.27 

29.85 

40.82 

9-10 

11.4 

(Swathed) 

18.47 

28.44 

25.22 

25.49 

30.' 37 

40.23 ' 

9-16 

(Harvested) 

20.77 

26.54 

25.42 

24.71 

29.59 

39.18 

9-27 

- 

27-94 

31.90 

30.28 

30.54 

33.23 

45.33 


Date 


7-14 

7-22 

7- 29 

8- 5 
8-11 

8-19 

8- 27 

9- 4 

9-10 

9-16 


Growing Stage 




Site 

2 







Depth 

, cm 





0-10 

10-25 

25-40 

40-60 

60-.100 

( 

O 

o 

i' 

■130 

8 

11. 

04 

19.-97 

23.22 

24.33 

30.90 

42. 

28 

10. 5. -2 

22. 

63 

21.20 

• 24.45 

24.33 

- 32 .'46 

38. 

83 

10.5.3 

13. 

68 

18.82 

22.42 

23,05 

30.72 

39. 

06 

11.1 

11. 

09 

20.42 

22.27 

24.21 

31.53 

42. 

77 

11.1 

21. 

73 

23.91 

23.79 

23.79 

30.81 

41. 

18 

11.2 

27. 

34 

27.12 

23.44 

23.56 

2 9. .76 

39. 

64 

11.2 

20 : 

25 

-23.33 

22.89 

22.89 

29.09 ■ 

37. 

49 

11.4 ' 

•21. 

89 

26.7'6 

25.29 

23.61 

28.04 

37. 

49 

11.4 ' 

16. 

68 

23.44 

24.09 

23.11 

28.04 

35. 

45 

11.4 



- 






(Swathed)- 

19. 

49 . 

23.05 

23.85 

24.03 

29.34 

36. 

83 

(Harvested), 

19. 

98. 

25,16 

26.18 - 

26.61 

31.08 • 

41. 

66 


9-27 
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Table 

Date 

5 ( con ' t ) 
Growth Stage 






Depth 

3. 

, cm 




o-id' 

10-25 

25-40 

40-60 

60-100 

10d’-130 

7-14 

6 

11.96- 

18.36 

20.56 

29.76 

30.02 

40.34 

7-22 

10.3 

22 . 67 

19.32 

21.38 

30.11 

28.60 

40.82 

7-29 

10.5.3 

15.49 

18.29 

19.88 

27.73 

26.61 

37.93 

8-5 

10.5.4 

15.46 

18.41 

21.60 

27.58 

25.69 

40.58 

8-11 

11.1 

22.69 

19.82 

21.88 

27.66 

24.71 

38.61 

8-19 

11.1 

31.45 

21.29 

22.57 

27.89 

25,16 

40.70 

8-27 

11.2 

26.65 

20.42 

20.72 

,25.49 

23.38 

37.60 

9-4 

■ 11.2 

26.20 

25.56 

22.07 

26.25 

23.22 

34.32 

9-10 

9-16 

11.4 

11.4 

20.28 

21.97 

24.83 

24.83 

22.62 

35.34 


(Swathed) 

26.07 

21.05 

22.37 

25.49 

22.73 

35.03 

9-27 

(Harvested) 

29.66 

29.26 

31.08 

29.26 

24.03 

34 ..02 






Site 

.4 



Date 

Growing Stage 



Depth 

, cm 



0-10 

10-25 

25-40 

40-60 

60-100 

100-130 

7-14 

10.5.2 

13.26 

26.39 

32.09 

32.18 

35.66 

42 . 90 

7-22 

10.5.4 

21.45 

24.15 

30.90 

29.85 

34.12 

.41.30 

7-29 

11.1 

17.87 

22.17 

30.54 

29:09 

33.52 

39.52 

8-5 

11.2 

17.38 

29.76 

31.17 

31.99 

37.71 

44.94 

8-11 

■ 11.3 

23.05 

29.59 

31.08 

29. i2 

33.23 

39.29 

8-19 

11.4 

29.34 

34.02 

30.54 

30.81 

34.73 

40.58 

8-27 

11.4 

25.02 

33.52 

29.34 

28.76 

33.13 

38.72 

9-4 

(Harvested) 

26.47 

32.75 

28,93 

28.36 

31.62 

36.08 

9-10 

— 

19.34 

25185 

29.42 

28.93 

31.71 

37.93 

9-16 


21.29 

30.37 

29. .26 

29.26 

33.13 

37,93 

9-27 

- 

25.68 

32.18 

33.43 

34.02 

35.97 

44.42 



-15- 


Tnble 6. r-5nir,Lure Profiles for Sites in WilUnnis County, North Dakota 


Date 

Crowing Stage 





0-10 

Td-25 

7-15. 

10.2 

8.85 

18.24 

7-22 

10.5.2 

11.32 

18.27 

7-29 

% 

11.1 

8.81 

18.22 

8-4 

11.1 

15.91 

18.40 

8-11 

11.2 

16.47 

18,75 

8-19 

11.2 

11.90 

18.42 

8-27 

11.3 

19.51 

18.82 

9-3 

11.4' 

22.91 

29.51 

9-9 

11. '4 

15.91 

26.76 

9-15 

(Harvested) 

19.61 

25.29 


Site 

_1 



Dejg^th 

, cm 



'25-40 

40-60 

60-100 

' ldd-1 30 

18.46 

18.38 

28.04 

30.11 

18.37 

18.35 

25.03 

27.81 

18.34 

18.27 

21.46 

27.73 

18.35 

18.33 

26.47 

30.02 

18.33 

18 .,28 

23.79 

26.83 

18.35 

18.32 

24.77 

28.12 

18.32 

18.28 

23.27 

26.32 

24.96 

22.73 

25.76 

26.83 

24 . 03 

21.08 

25.97 

27.89 

21.93 

20.07 

27.05 

26.18 


Date 

Growing Stage 




Site 

2 






Depth , 

j era 





0- 

10 

10-25 

25-40 

40-60 

60-100 

100-130 

7-15 

10.5 

7 

.72 

18.22 

18.37 

18.28 

18.27 

23.44 

7-22 

10.5.3 

10 

.41 

18.22 

18.33 

18.26 

18.25 

23.05 

7-29 

11.1 • 

9 

.34 

17.25 

18.28 

18.24 

18.21 

21.55 

8-4 

11.1 

13 

.93 

18.29 

18.33 

18.24 

18.23 

24.39 

8-11 

11.2 

16 

.78 

21.04 

21.42 

19.58 

18.45 

23.27 

8-19 

11.3 

13 

.14 

19.34 

20.56 

19.07 

18.36 

23.44 

8-27 

11.3 

19 

.42 

19.58 

19.97 

18.82 

18.30 

21.97 

9-3 

11.4 

19 

.80 

23.61 

20.17 

19.25 

18.29 

20.91 

9-9 

11.4 

15 

.35 

20.60 

19.91 

19.11 

18.28 

21.04 

9-15 

(Harvested) 

17 

.'47 

20.04 

20.07 

18.61 

18.30 

22.89 
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Table 

6 (eoji’t) 



Site 

3 



Date 

Growth Stage 



Depth 

^ cm 



0-10- 

' 10-25 

25-40 

40-60 

"60-100 

100-130 

7-15 

10.5 

7.25 

10.22 

18.-36 

18.43 

27.89 

28.60 

7-22 

10.5.3 

10.72 

18.26 

18.34 

18.41 

26; 54 

28 . 60 

7-20 

10.5.4 

8.79 

17.63 

18.28 

18.29 

23.27 

29.01 

8-4 

11.1 

13.28 

18.25 

18.28 

18.33 

25.76 

30.11 

8-11 

11.2 • 

20.94 

20.38 

18.56 

18.78 

25 . 90 

28.28 

8-19 

11.2 

13.22 

19.18 

19.22 

18. 68 

26.61 

29.85 

8-27 

11.4 

21.21 

]9.82 

18.91 

18.52 

26.76 

28.20 

9-3 

(Harvested) 

24.66 

23.97 

19.76 

18.51 

26.11 

28.12 

9-9 

— 

15.72 

21.74 

20.45 

18.60 

. 26.47 

28.36 

9-15 

- ^ 

17.28 

20.95 

20.01 

18,05 

26.32 

29.76 






Site 

_4 



Date 

Growing Stage 



Depth 

, cm 



0-10 

10-25 

25-40 

40-60 

60-100 

100-130 

7-15 

10,5.2 

5.03 

18.25 ' 

18.43 

18.41 

24.90 

25.04 

7-22 

10.5.3 

7.85 

18.20 

18.35 • 

19.45 

24-. 45 

24 . 64 

7-29 

11.1 

6.79 

15.12 

18.24 

18.98 

'24 . 33 

25.36 

8-4 

11.1 

9.02 

18.20 

18.31 

20.24 

24.96 

27.12 

8-11 

11.2 . 

11.90 

18.66 

18.40 

20.17 

23.61 

27.35 

8-19 

11.2 

9.65 

18.36 

18.50 

21.55 

24.21 

26.68 

8-27 

11.3 

16.83 

21.29 

18.46 

20.01 

23.50 • 

24.83 

9-3 

11.4 

14.91 

25.36 

20.07 

19.73 

23.33 

25.69 

9-9 

(Harvested) 

12.95 

22.89 • 

20.76 

20.76 

23.67 

26.04 

9-15 

- 

10.68 

22.12 

21.08 

21.12 

23.79 

25.76 
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I . INTRODUCTION 


This work was initiated under an agreement with Earth Satellite 
Corporation, Washington, D. C. , which has contract conunitments in con- 
nection with the Large Area Crop Inventory Experiment (LACIE) . The terms 
of the agreement were outlined by Earl S. Merritt in his letter to Joseph 
M. Caprio dated May 27, 1975. The purchase order carries Earth Satellite 
Corporation identity No. 75-2422, The letter, purchase order, project 
statement and material on NASA disclosure provisions for earth resources 
data are presented in the Appendix. 

Soil moisture measurements using the neutron probe method were to be 
made in spring wheat fields by the Plant and Soil Science Department, 

Montana State University, at about weekly Intervals during the 1975 crop 
year in four specified experimental areas (dimensions 2 by 10 miles) 
located in Glacier, Hill, Liberty and Toole counties, in northern Montana. 
Several soil moisture observation sites were to be located in each of these 
four areas. The soils at experimental areas were to differ, within a given 
range, in water holding capacity and in osmotic potential. It was necessary 
to work with heavier soils having higher available water holding capacities 
than specified in the original plans since light (sandy) soils were general- 
ly unavailable in the four designated experimental areas of Montana. The 
neutron probe was to be the basis for determining soil moisture down to a 
depth of about four feet. This work was to contribute Information for use 
in the Large Area Crop Inventory Experiment (LACIE) which is a cooperative 
program between National Aeronautics and Space Administration, United States 
Department of Agriculture and National Oceanographic and Atmospheric Admini- 
stration to study the feasibility of conducting agricultural inventories 
using satellite data. 
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Field work did not begin until the last week in June when spring, wheat 
was already in the tillering stage because o£ the late spring initiation 
date of the contract. Farm operations this year were several weeks later 
than normal In Montana due to a cold, wet spring and the harvest period was 
also late by several weeks. In all, ten spring wheat soil moisture sampling 
sites were established in the four counties, two each in Glacier and Liberty 
counties and three sites each in Hill and Toole coxinties. Table 1 gives 
the specific location of each site. 

In view of the long distance to the sites from Bozeman and the two days 
of travel and work involved for each trip, it was desirable to include a 
relatively large number of Individuals in the project so that no one would 
be required to work every weekend. Observations had to be made on weekends 
because neutron probes in the Plant and Soil Science Department were already 
committed to other projects during regular working days. 

Early, in the season it was necessary to send a team of two men to 
record neutron probe counts, make site location measurements, and to famil 
iarize additional personnel with site locations and measurement procedures. 
Later in the season observations were sometimes made by only one technician. 

A total of 13 observations were made between Jxme 27-28, 1975 and 
September 27-28, 1975. The dates of observation were as follows: 


eepboducbil^ mi. 
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Table 1. Locations of the ten observation sites in Montana, 


Site 

County ■ 

Township 

Range 

Section 

Distance and Direction 
in from Edge of Field 

G-1 

Glacier 

33 

8W 

16 SE/SE 

75 'W ' 

G-2 

Glacier 

33 

8W 

11 SW/SE 

89'N 

H-1 

Hill 

34N 

13E 

24 SE 

71'E 

H~2 

Hill 

34N 

14E 

18 SE 

. 44 'E 

H-3 

Hill 

34N 

14E 

17 SW 

74 'E ■ 

L-1 

Liberty 

35 

6E 

35 NW/NW 

' 71'S 

L-2 

Liberty 

34 

7E 

6 NW/NW 

46 'N 

T-1 

Toole 

36K 

2W 

16 SE/NW 

61’E 

T-2 

Toole 

36N 

2W 

10 SE/SW 

55 ’N 

T-3 

Toole 

36N 

IW 

11 SW/SW 

37 'N 



Observation No.. 

Date 

Observation No. 

Date 

1 

June 27-28 

8 • 

Aug . i6-17 

2 

July 7 

9 

Aug. 23 

3 

July 12 

10 

Aug. 30-31 

4 

July 19 

11 

Sept . 6-9 

5 

July 26 

12 

Sept. 13-14 

6 

Aug. 2 

13 

Sept. 27-28 

7. 

Aug. 9 




The entire run from Bozeman and return required a motor vehicle trip 
averaging about 920 miles* Runs were usually made either from Friday after^ 
noon through late Saturday or all day Saturday and part of Sunday. 

Those involved in field work during the summer were: 

Joseph M. Caprio (Professor and Agricultural Climatologist- 

Bo zeman) 

Harold A. R. Houlton (Assistant Soil Scientist-Northern 

Agricultural Research Center) 

Charles M. Jones (Graduate Student) 

Alfons G. Lazarewicz (Senior) 

Douglas V, Lovely. (Senior) 

Paul R. Reblch’ (Senior) 

Steve Klobofski (Technician) 

Kim Kucera (Technician) 



Computer processing of date was accomplished by Paul R, Rebich 
who is a senior at Montana State University majoring in Computer Science. 
Robert D. Snyder, who holds university degrees in statistics and computer 
science, did much of the laboratory work which included making photo- 
interpretative estimates of (1) phenological phases, (2) percent of 
ground covered with vegetation and (3) percent of crop which had lost 
its green color. 
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II. procedures of field installation 


A neutron access tube was Installed at each of the ten sites at a 
reasonable distance from the edge of the field to minimize border effects. 
Holes were bored in the soil with a Giddings soil sampling machine mounted 
on a. pickup truck. The 3.370 cm, diameter soil cores were laid horizontally 
on a platform and cut into soil sample segments corresponding to the following 
depths: 


Centimeters 

Feet 

1-10 

0-.33 

10-25 

.33-. 82 

n 

25-40 

■ .82-1.31 


Centimeters 

40-70 


Feet 


1.31-2.30 


70-100 2.30-3.28 

100-130 3.28-4.27 


A 1-5/8 inch Inside diameter steel conduit pipe of 5,-foot length 
served as the neutron access tube. It was inserted in the hole with the 
top projecting about 6 Inches above the soil surface. The bottom inch 
of each tube was cut in eight places and bend inward to prevent soil in- 
trusion. 


A V-shaped wedge about 1/4-inch deep was cut on two sides of the top 
of the neutron access tube for the purpose of positioning a 6-foot long 
camera stand.. The camera stand recessed l?-l/2 feet into the neutron access 
tube allowing same-frame photographs to be taken at a height of about 4 feet 
above the ground surface. 
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Soil core samples were taken to a depth of 130 cm. during the first 
run on June 27 and 28 and again during the last run on September 27 and 
28. Some difficulties were encountered during the June run because of 
very wet soil conditions. 

The soil samples were placed in bags* returned to Bozeman and oven 
dried at 60*C (140“F) for four days. Weight loss by oven drying was used 
to calculate water fraction by weight. The weight of oven-dried soil in 
each core was computed by subtracting tare bag weight (14. 5g). 

Caution was necessary when taking samples near the surface where the 
soil core tended to crumble and at greater depths where the soil tended to 
compact. Bulk density values used in this study were derived from smooth 
curves drawn by eye through the sequence, of bulk density measurements made 
at each site on June 27-28 and September 27-28. Bulk densities for all 
sites and depths are given in Table 2. 

There was' some variation between sites in the height that the neutron 
access tubes projected above the soil surface which appeared to influence 
neutron counts at the 0—10 cm. depth. The heights of the top of the neutron 
access tubes above the soil surface were measured on the north and south 
sides of the tube during Observation No. 12 (September 13-14). The average 
of these two height measurements is given as follows: 



Table 2. Bulk density of soil (grams/cm^ )* 


Soil Depth (ctn) 



0-10 

10-25 

25-40. 

•40-70 

. 70-100 

Site 






G-1 

1.32 . 

1.34 

1.36 

1.41 

1.51 

G-2 

1.34 

1.38 

■ 1.43 

1.54 

1.65 

H-1 

1.^39 

..1.36- 

X .23 

1.22 

1.51 

H-2 • ' 

• 1.28 

1.29 

1.32 

1.'42 

1.50 

H-3 

1.-47 

1,48 

1.48. 

1.47 

■ 1.47 

L-1 

1.51 

1.54 

1.59 

1.54 

1.49 

L-2 

1.42 

1.52 

1.53 

’ 1..45 

1.45 

■ T-1 

1.29 

1.39 

i :. 30 

1.33 

r .40 

T-2 

1.31 

1.37 

1.41 

1.44 

1.47 

T-3- 

1.33 

1.38 

1.46 

1.58 

1.60 


100-130 

1.63 

1.73 


'1.61 

1.55 

1.52 

1.44 
1.47 

1.45 
1.58 
1.67 


*Grams of oven-dried soil per cubic centimeter 
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Site Height (cm) 


G-1 

12.95 

G-2 

8.65 

H-1 

10.20 

H-2 

15.95 

H-3 

15.80 

L-1 

16.05 

L-2 

14.30 

T-1 

13.90 (estimated from photographs) 

T-2 

14.00 

T-3 

16.50 


For each of the Observations 1 through 9, the average of the usual 
three neutron counts for each level at each site was computed. The lowest 
of these averages for each level at each site was selected from the nine 
observations. An average of these selected lowest values for a given level 
was computed and this average was divided by each site value to obtain a 
ratio. This same procedure was followed using median values of each of the 
sites . The two resulting ratios for each site (a low and a median) were 
added and these values were used in correlation against height of the tubes 
above the ground. These values are presented on page 29. Correlations, 
as described above, were determined for both Level 1 and Level 2. The 
results were as follows: 

Level 1 ( 0-10 cm) + 0.6840 Significant at 5% level 
Level 2 (10—25 cm) + 0.0107 Not significant 

The correlations suggest that the different heights of the neutron 
access tubes were a factor in neutron counts for Level 1 but not for 
greater depths. 
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III. FIELD MEASUREMENTS 


The neutron counter (scaler) time employed was 0. 25 minutes (15 
seconds) . The background count "was always made at each site before making 
counts in the soil. The neutron probe was placed on its wooden box container 
(set on edge) for all background readings except during Observation No. 6 
(August 2) when the background was made with the instrument positioned on 
top of the neutron access tube at sites H-1, H-2, and H-3. The student 
observer indicated that this tube-top position gave about the same back- 
• ground readings as when the instrument was placed on top of the Instrument 
box, but no other background readings were made in this way.. 

During the first observation (June 27-28) only two neutron counts 
were recorded. Three counts were actually made in the field during this 
first run but the count which deviated most from the others was erased from 
the record book. During the remainder of the season three neutron counts 
were recorded. Sometimes, when a neutron count was not in close agreement 
with the others, an additional count was made and the deviant value was not 
recorded . 

The scalers and neutron moisture probes used in this' work 'were all manu- 
factured by Troxler Electronic Laboratories, Inc., Raleigh, North Carolina. 

The neutron moisture probe utilizes an Americium-Beryllium source. In regular 
use was scaler Model No. 2651 (Serial No. 932) and neutron moisture probe 
Model No. 1257 (Serial No. AM 191). The "regular" Troxler was not available 
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for Observations No. 10 and No. 11. Alternate Instruments used for Ob- 
servations No.- 10 and No. 11 were scaler Model No, 1651 (Serial No. 675) 
and another neutron moisture probe (Serial No. 317) of the same -model 
as the regular probe. Conversion of counts was -made based on readings of 
both neutron probe and scaler sets during Observation No. 13, except for the 
three Hill County sites where both instrument sets .were read during Obser- 
vation No., 12. The ratio of the counts made with each instrument set for 
background and- for all six levels at each site served as multiplicative 
factors to adjust readings of Observations No. 10 and No. 11 to the regular 
neutron probe and scaler. Thus, a different multiplicative correction factor 
was applied .for each of the six levels at each of the ten sites for conversion 
of counts for Observations No. 10 and No. 11. 

The heights of five randomly selected plants were measured in the field 
to the nearest centimeter. Plant heights were recorded by measuring plants 
held In a vertical position, except during Observation No. 2 (July 7) when 
the observer measured the height of the plants as they .stood in the field. 
Plant heights, are presented in Table 3. 

The soils across the area are generally of glacial till origin and 
they tend to be quite heavy. Soils at both Glacier County sites have been 
classified as Fairfield gravely loam. Detailed soil surveys for Hill, 

Liberty and Toole counties have not been made. However, Telstad— Phillips 
clay loam is common in the Hill County area, Telstad clay loam and Joplin 

clay loam in the Liberty County area, and Joplin clay loam and Sprole 
sandy loam in the Toole County area# 
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Table 3. 


Height of spring wheat plants (cm) . 


Site 


Ob. 

■ 

Date 

G1 

G2 

HI 

H2 

H3'‘ 

Ll' 

L2‘ 

T1 

■ T2 

T3 

1 

6/27-28 

22 

19 

30 

25 

■ 34 

26 

28 

19 

16 

17 

2 

7/7 

— 

— 

30 

33 

48 

25 

41 

— 


MOT 

3 

7/12 

- 35 

39 

56 

60 

82 

40 

57 

45 

32 

29. 

4 ^ 

'7/19 

- 58 

42 

84 

78 

99 ' 

54 

73 

.36 

32 

.40 

5 

.7/26 

70 

75 

84 

78 

98 

54 

76 

80 

61 

52 

6 

8/2 

66 

74 

84 

81 

99 

54 

74 

76 

'65 

77 

7 

8/9 

68 

73 

74 

82 

• 99 

51 

77 

78 

70 

75 

8 

8/16-17 

68 

77 

82 

82 

102 

66 

78 

78- 

76 

83 

9 • 

■ 8/23 

72 

72 

— 

— 


65 

77 

76 

77 

80 

10 

8/30^31 

68 

79 

79 

79 

■ 99 

55 

71 

77 

73 

75 

11 • 

9/6-9 

64 

71 

— 


-- 

62 

— 

77 

-68 

74 



59 





48 



• 69 

71 

12 

9/13-14 


1 “ ” 



















78 

13 

9/27-28 

— 

— 

^ 









ro 
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Photographs were taken with a Minolta, 7s Hi-inatlc camera using 
35 tnm colored Ektachrome ASA 64 film. The 6-f.oot long camera stand re- 
cessed l~l/2 feet Into the neutron access tube and was positioned into 
a north facing direction, by two one-quarter inch v-shaped notches cut 
into the top> of the tube; Thus, the pamera.was' set at a height of four 
feet above the surface of the ground. Pictures were taken toward the 
north in a horizontal position (at infinity setting) .and at an angle 

X 

of 30 degrees down from the horizontal (at 10-foot setting). The 
latter position provided a ground center point in the wheat about seven 
feet away from the base of the camera stand. 


Observations No, 2 (July 7) and .No, 9 (August 23) were not completed 
due to onset of heavy rains.. Travel to northern Montana for Observations 
No. 2 (July 7) and No. 6 (August 2) was accomplished with a Cessna 172' air- 
plane, the first flight landing at Chester, and the second flight landing 
at Havre. Charles M. Jones (graduate student) piloted the plane. In each of 
these cases motor vehicles were available at or near the airports to- make 
run from there. The Soil Conservation Service provided the vehicle at 
Chester and the Northern Agricultural Research Center provided the vehicle 
at Havre. Observation No, 12 (September 13) was not made at Site T— 1 
because the top of the neutron access tube had been bent inwaird by farm 
implements during the harvest. During Observation No. 7 (August 7) grass- 
hoppers were logged as "rather abundant" on Sites H-1, H-2 and T-2, From 
25 to 30 grasshoppers per square yard were counted during Observation No. 

10 (August 31) at Sites H— 1, H— 2 and H— 3 and 12 per square yard at T— 2, 
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Most of- the fields were harvested by combine, but for at least one of ■ 
the sites (T-2) the wheat was first wlndrowed In the field with a swather to 
permit drying of the late maturing grain. 

Information on crops and soils at the 10 observation sites are pre- 
sented In Table 4. Phenological phases' of spring wheat using theFeekes 
Scale were estimated for each observation and these are presented in Table 5. 
Estimates of percent of ground .surface covered with green vegetation are 
given in Table. 6. 

Information was not solicited from farmers on the amount of fertilizer 
they had applied to the fields. However, it is likely that the stand at Site 
G-1 was thin because very little, if any, fertilizer had been applied this • 
year.' Generally, some of the differences in yields between sites are due to 
management practices. 
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Table 4. Information on crops and soils at the ten observation sites in 
Montana*. 


Available 

Water Osmotic 


Site 

Planting 

Date 

Harvest 

Date 

Yield 

BU/A 

Capacity 
(0-100 cm) 
.MM 

Water 
(0-100 cm) 
MM 

G-1 

May 10 

Sept. 28 

22 

165 

2 

G-2 

May 30 

Sept. 22 

20** 

154 

2 

H-1 

May 21 

Sept. 1 

22 

204 

16 

H-2 

May 15 

Aug. 29 

28 

178 

9 

H-3 

May 16 

Aug. 29 

30 

229 

4 

L-1 

May 20 

Sept. 22 

31*** 

133 

56 

L-2 

May 14 

Sept. 5' 

33 

157 

18 

T-1 

May 21 

Sept. 21 

32 

156 

16 

T-2 

May 31 

Oct. 2 

38 

205 

4 

T-3 

May 30 

Oct. 31 

30 

239 

9 


* The spring wheat variety, Fortune, was grown at all sites 

** This may be too low 

*** This applies for the entire large field. Yield, at observation site was 
probably much lower because it was within 80 feet of the edge of a saline 



Table 5. 


Spring wheat phases (Peekes Scale) and percent o£ crop which has lost Its green color. 


Site 


Date 

G-1 

G-2 

Hr-1 

. H-2 • 

H-3 

L-:l 

L-2 

T-1 

T-2 

T-3 

6/27-28 

5-6 

4-5 

5-6 

5 

.5-6 

5-6 

5-6 

4-5 

3-4 

3-4 

7/7 

M 

M' 

6-7 

6-7 

6-7 

6-7 

6r7 . 

M 

M 

M 

7/12 

8-10 

7-8 

10-10. i 

lOrlO.l 

. 10-10.1 

iO-10.1 

iO.1-10.5 

6-8 

4-6 

4-6 

7/19 

10.5-li 

8-9 

10.5-11 

10.5-11 

10.5-11 

10.1-10.5 

10.1-11 

10.1-10.5 

8-rlO 

8-10 

7/26 

11 (35%) . 

10.5-11 

11 (25%) 

M‘ 

'll (0%) 

10. 1-11 ■ 

.10. 5-11 

11 (5%) • 

10.1-10.5 

10.1-10. 

8/2 

11 (40%) 

11 (15%) 

11 (35%) 

11 (35%) 

11 (5%) 

11 (40%) 

11 (40%) 

11 (5%) 

11 (0%) 

■■ li (0%) 

8/9 

11 (70%) 

11 (15%) 

M 

M 

M 

M 

M 

M 

M 

M 

8/16-17 

11 (95%) 

11 (40%) - 

11 (90%) 

11 (95%) 

11 (55%) 

11 (95%) 

11 (95%) 

11 (40%) 

11 (15%) 

11 (10%) 

8/23 

11 (99%) 

11 (65%) 

M 

M 

M 

11 (99%) 

11 (99%) 

11 (50%) 

11 (25%) 

11 (20%) 

8/30-31 

11 (100%) 

11 (90%) 

11 (100%) 

H 

11 (100%) 

11 (100%) 

11 (100%) 

11 (85%) 

11 (65%) 

11 (50%) 

9/6-7 

11 (100%) 

.11.(99%) 

H 

H 

H 

11 . (100%) 

H 

11 (95%) 

11 (80%) 

11 (60%) 

9/13-14 

11 (100%) 

H 

H 

H 

H 

11 (100%) 

H 

M 

11 (95%) 

11 (90%) 

9/27-28 

K 

H 

H 

H 

a 

H 

B 

H 

H 

11 (99%) 


H “ harvested ' 
M “ missing 



Table 6. Percent of ground covered with green vegetation. 


Ob. 

No. 

Date 

G-1 

G-2 

H-1 . 

H-2 

H-3 

. L-1 

L-^3 

T-1 

T-2 

- T-3 

1 

7/27-28 

30 

25 

40 

30 

45 

45 

45 

20 

15 

20 

, 2 ■ 

'7/7 .• 

M 

M 

•80 

55 

■80 

50 

75 

M 

M 

M 

3 

: 7/12 

50 

55 

85 

75 

85 

65 ' 

80 

60 

30 

40 

4 

7/19 

55 

65 

85 

85 

90 

70' 

80 

85 

• 55 

70 

5 

7/26 

45 

65 

65 • 

M 

90 . 

60 

80 

80 

65 

70 

6 

8/2 

35 

60 

55 

60 

90 

45 

60 

80 

75 

70 

7 

8/9 

20 

50 , 

M 

M 

M 

M 

M 

M 

M 

M 

8 

8/16-17 

5 

40 

15 

5 

45 

5 

5 

55 

55 

55 

9 

8/23 

T 

20 

M 

M 

M 

T 

5 

30 

45 

50 

10 

8/30-31 

' T 

10 

0 * 

T 

T 

0 

5 

20 

35 

45 

11 

9/6-9 

T 

5 

0 

T 

. X 

0 

5 

is' 

30 

40 

12 

9/13-14 

T 

5 

0 

0 

T 

0 

M 

M 

15 

15 

13 

9/27-28 

. T 

T 

0 

0 

0 

0 

5 

T 

T 

. T 


r = less than 5 percent 


M = missing 
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IV. LABORATORY TESTS 

Laboratory tests were conducted to determine water fractiojx (weight 
of water/weight of oven-dried soil) at 0.3 and 15 atmospheres using the 
pressure plate extractor. These were converted to water fraction by volume 
(multiplication by soil bulk density) . Table 7 and Table 8 lists the amount 
of moisture held in the soil at 0.3 and 15 atmospheres, respectively. 

Soil moisture at 15 atmospheres was assumed to be the threshold of 
water availability for plants. The difference between water fraction by 
volume at 0.3 and 15 atmospheres was assumed to be the crop available mois- 
ture capacity for each cubic centimeter of soil exclusive of the moisture 
made unavailable by soil salinity. This information is presented in Table 9. 

In order to determine the amount of soil moisture made unavailable by 
the salt content of the soil (osmotic potential) , electrical conductivity 
tests were performed in the laboratory on 2:1 water-soil extracts by weight 
and these values were converted to values for saturated solution extracts. 
Electrical conductivity determinations were not made for samples at Levels 1 
and 6. Values for electrical conductivity at Levels 2 and 5 were considered 
applicable for Levels 1 and 6, respectively. The results, given in Table 10, 
are expressed in.millimhos per centimeter at The relation between 

osmotic potential in atmospheres (Y) and electrical conductivity (X) was 
computed by the following equation; 

Y *= .3600 X (See reference below) 

Atmospheres of osmotic pressure computed in this way are presented in Table 

11 . 

Saline and Alkali Soils. Agricultural Handbook No. 60, (Chapter 2), 
United States Department of Agriculture. Edited by L. A. Richards, February 

1954. 
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Table 7. Amount of water held In soil at 0.3 atmospheres (cm^ water/cm^ soil). 


Soil Depth (cm) 



0-10 

10-25 

25-40 

40-70 

70-100 

Site 






G-1 

.2243 

.2277 

.3748 

.2632 

.3589 

G-2 

.2344 

.2414 

.2813 

.3442 

.3435 

H-1 

.2959 . 

.2895 

.4526 

.2951 

.4320 

H-2 

.3325 

.3351 

.4536 

.4040 

.4056 

H-3 

.3699 . 

.3724 

.6040 

.4666 

.4811 

L-1 

.3751 

.3825 

.4562 

.4689 

.3896 

L-2 

.3712 

.3973 

.4237 

.4697 

.4157 

T-1 

.3607 

.3886 

.4011 

.3407 

.3602 

T-2 

.2923 

.3056 

.2988 

.3132 

.4307 

T-3 

.3486 

.3617 

.4704 

.4024 

.4530 


100-130 

.3875 

.3602 

.4606 

.4191 

.4975 

.3766 

.4214 

.3731 

.4629 


4728 
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Table 8. 


Amount of water held in soil at 15 atmospheres 


(cm^ water /ciii^ 


soil) . 


Soil Depth (cm) 



0-10 

10-25 ■ 

25-40 

40-70 

70-100 

100-130 

Site 



A 




G-1 

.1588 

.1612 

.1484 

.1197 

.1201 

.1296 

G-2 

,1725 

.1776 

.1472 

.1392 

.1492 

.1564 

H-1 

.1653 ■ 

.1617 

.1336 

.1137 

.1475 

.1573 

H-2 

.2095 

.2112 

.2430 

.1962 

.1986 

.2052 

H-3 

.2061 

.2075 

.2393 

.2284 

.2596 

.2684 

L-1 

.2108 ‘ 

.2150 

.2366 

.2472 

.2301 

.2223 

L-2 

.2485 • 

.2660 

.2479 

.2438 

.2538 

.2573 

T-1 

.2265 

.2441 

.2196 

.1424 

.1918 

.1987 

T-2 

.1610 

.1684 

.1279 

.1234 

.1230 

.1323 

T-3 

• .1758 

.1824 

.1501 

.1563 

.1792 

.1870 
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Table 9. Amount of soil moisture available to plants between 0.3 and 15 
atmospheres assuming no soil salinity (cm3 water/cm3 soil) , 


Soil Depth (cm) 



■ 0-10 

10-25 

25-40 

40-70 

70-100 

100-130 

Site 







G-1 

.0655 

.0665 

.2264 

.1435 

.2388 

.2579 

G-2 

.0619 

.0638 

.1341 

.2050 

.1943 

.2038 

H-1 

.1306 

.1278 

.3190 

.1814 

.2845 

.3033 

H-2 

.1230 

.1239 

.2106 

.2078 

.2070 

.2139 

H-3 

. 1638 

.1649 

.3647 

‘ .2382 

.2215 

.2291 

L-1 

.1643 

.1675 

.2196 

.2217 

.1595 

.1543 

L-2 

.1227 

.1313 

.1758 

.2259 

.1619 

.1641 

T-1 

.1342 

.1445 

.1815 

.1983 

.1684 

.1744 

T-2 

.1313 

.1372 

.1709 

,1898 

.3077 

.3306 

T-3 

.1728 • 

.1793 

.3203 

.2461 ■ 

.2738 

.2858 
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1 2 

Table 10. Electrical conductivity of soil (millimhos/ centimeter) > 

Soil Depth (cm) 



0-10 

10-25 

25-40 

40-70 

70-100 

100-130 

Site 







G-1 

.4 

(.45) 

.5 

(.50) 

.5 

(.5) 

G-2 

.5 

(.45) 

.4 

(.45) 

.5 

(.5) 

H-1 

.4 

1.4 

.8 

.6 

6.7 

11.2 

H-2 

1.0 

1.8 

.8 

1.3 

6.1 

12.7 

H-3 

1.0 

(.85) 

.7 

(.8) 

.9 

(.9) 

L-1 

2.0 

3.7 

.6 

1.0 

.6 

.7 

L-2 

.5 

.7 

1.0 

.7 

12.7 

15.1 

T-1 

1.3 

1.0 

1.0 

4.0 

7.6 

8.2 

T-2 

1.2 

(.85) 

.3 

(.65) 

.8 

(.8) 

T-3' 

.6 

(.60) 

.6 

(.60) 

.6 

(.6) 


1. Values are conversion to saturated paste extracts based on 2:1 water- 
soil extracts (from previously correlated values) . 

2. Values in parentheses are interpolated from adjacent depths. 
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Table 11. Soil salinity expressed as atmospheres of osmotic pressure*. 


Soil Depth (cm) 



0-10 

10-25 

25-40 

40-70 

70-100 

100-130 

Site 




- 



G-1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

G-2 . 

0.2 

0.2 

0.1 

0.2 

0.2 

0.2 

H-1 

0.1 

0.5 

0.3 

0.2 

2.4 

4.0 

H-2 

0.4 

0.6 

0.3 

0.5 

2.2 

4.6 

H-3 

0.4 

0.3 

0.3 

0.3 

0.3 

0.3 

L-1 

0.3 

0.6 

1.7 

5.3 

8.2 

9.4 

L-2 

0.2 ■ 

0.3 

0.4 

0.3 

4.6 

5.4 

T-1 

0.5 

. 0.4 

0.4 

1.4 

2.7 

3.0 

T-2 

0.4 

0.3 

0.2 

0.2 

•0.3 

0.3 

T-3 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 


*Computed by multiplying electrical conductivity in milllmhos 
per centimeter by the value 0.36. For reference see "Saline 
and Alkali Soil", .Agricultural Handbook No. 60 U.S.D.A. 
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content per atmospliere for the 14.7 atmospheres range (0.3 
to 15 atmospheres) was computed using the laboratory test data given in 
Tables 7 and 8. After determining water content per atmosphere, it was 
possible to estimate the amount of soil moisture made unavailable to. the 
plant by any given number of atmospheres of osmotic pressure. Some laboratory 
tests of water content at 0.3 atmospheric pressure which appeared to be un- 
usually high were repeated, and in all cases the repeated tests corres- 
ponded closely with the originals. For the following sites and depths 
(in parentheses) , the average of two laboratory tests were utilized in the 
computations: G-2 (70-100); G-3 (25-40); H-1 (25-40); H-2 (70-100); 

H-3 (25-40); T-2 (70-100); T-3 (25-40). The amount of soil moisture 
estimated to be unavailable to plants because of soil salinity is given in 
Table 12. These amounts were subtracted from values given in Table 9 to 
compute crop available soil moisture capacity per cubic centimeter given in 
Table 13 and per core length given in Table 14. 

Soil pH was not needed for these analyses, but it was determined in 
the laboratory utilizing 2:1 water-soil extracts by weight and the information 
is presented in Table 15. 


oSal page is pooe 
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Table 12. 

Amount of soil moisture 
salinity (cm^ water/cm^ 

unavailable 
soil) , 

to plants 

because of soil 





Soil Depth 

(cm) 




0-10 

10-25 

25-40 

40-70 

70-100 

100-130 

Site 







G-1 

.0004 

.0009 

.0031 

.0019 

.0033 

.0035 

G-2 

.0008 

.0009 

.0009 

.0028 

.0017 

.0018 

H-1 

.0009 

.0044 

.0061 

.0025 

.0464 

.0824 

H-2 

.0033 

.0050 

.0043 

.0071 

.0168 

.0364 

H-3 

.0045 . 

.0034 

.0067 

.0049 

.0045 

.0047 

L-1 

.0034 

.0068 

.0254 

.0800 

.0892 

.0988 

L-2 

.0017 - 

.0027 

.0048 

.0046 

.0507 

.0603 

T-1 

.0046 

.0039 

.0049 

.0188 

.0310 

.0357 

T-2 

.0036 

.0028 

.0023 

.0026 

.0065 

.0070 

T-3! 

..0023 

.0024 

.0043 

.0034 

.0039 

.0039 
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Table 13. Crop available soil moisture capacity taking into 

account effect of soil salinity (cm^ water/ cm-^ soil). 


Depth (cm) 



0-10 

10-25 

■ 25-40 

40-70 

70-100 

100-130 

Site 

G-1 

.0651 

.0656 

.2233 

.1416 

.2355 

.2544 

G-2 

.0611 

.0629 

.1332 

.2022 

.1926 

.2020 

H-1 

.1297 

.1234 

.3129 

.1789 

.2381 

.2209 

H-2 

.1197 . 

.1189 

.2063 

.2007 

■.1902 

.1775 

H-3 

.1593 

.1615 

.3580 

.2333 

.2170 ■ 

.2244 

L-1 

. .1609 

.1607 

.1942 

.1417 

.0703 

.0555 

L-2 

.1210 

.1286 

.1710 

.2213 

.1112 

.1038 

T-1 

.1296 

.1406 

.1766 

.1795 

.1374 

.1387 

T-2 

-.1277 

.1344 

.1686 

.1872 

.3012 

.3236 

T-3 

.1705 

.1769 

.3160 

.2427 

.2699 

.2819 
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Table 14. Crop available soil moisture capacity taking into 

account effect of soil salinity (cm^ water/core length) . 

Sum 
0-100 . 
16,2975 
15.3965 


H-1 

1.2970 

1.8510 

4.6935 

5.3670 

7.1430 

6.6270 

20.3515 

H-2 

1.1970 

1.7835 

3.0945 

6.0210 

5.7060- 

5.3250 

17.8020 

H-3 

1.5930 

2,4225 

5.3700 

6.9900 

6.5100 

6.7320 

22.8855 

L-1 

1.6090 

2.4105 

2.9130 

4.2510 

2.1090 

1.6650 

13.2925 

L-2 

1.2100 

1.9290 

2.5650 

> 

6.6390 

3.3360 

3.1140 

15.6790 

T-1 

1.2960 

2.1090 

2.6490 

5.3850 

4.1220 

4.1610 

15.5610 

T-2 

1.2770 

. 2.0160 

2.5290 

5.6160 

9.0360 

9.7080 

20.4740 

T-3 

1.7050 

2.6535 

4.7400 

7.2810 

8.0970 

8.4570 

-24.4765 




28 


Table 15 4 Soil pH by laboratory determinations*. 

Soil Depth (cm) 



0-10 

10-25 

25-40 

40-70 

70-100 

100-130 

Site 

- 






G-1 

7.4 

— 

7.9 

— 

8.2 

— 

G-2 

7.3 

— 

8.1 

— 

8.5 


H-1 

8.1 

8.2 

8.3 

8.5 

8.2 

8.4 

H-2 

7.8 

7.9 

8.5 

9.0 

8.4 

8.2 

H-3 

8.0 

— 

8.4 

— 

8.7 

— 

L-1 

8.6 

8.2 

8.9 

8.5 

8.6 

' 8.4 

L-2 

8.3 

8.2 

8.7 

8.2 

8.4 

8.3 

T-1 

8.3 

8.2 

8.4 

7.9 

8.2 

8.4 

T-2 

8.3 

— 

8.5 

— 

9.0 

— 

T-3 

8.3 


8.4 

— 

8.8 

— 


*Extracts of 2:1 water-soil ratio by weight were used 



V, DATA PROCESSING AND COMPUTER OUTPUT FORMS . 


Level 1 


The average relation between water fraction by volume (Y) , ex- 
pressed as cm^/cm^ , and neutron count ratio ,(X) for this level was 
determined as Yj^== 1.638 X. 

These results were then adjusted by a factor which partially relates to 
the small differences in height that neutron access tubes projected above 
the soil surface. These multiplicative factors were derived as pre- 
viously explained on page 9. The following factors were applied for 

each site: 


Site 

Factor 

Site 

Factor 

G-1 

1.5833 

L-1 

1.2625 

G-2 

.7341 

L-2 

.9280 

H-1 

• .6306 

T-1 

1.0639 

H-2 

1.2338 

T-2 

. 9437 

H-3 

1.6215 

T-3 

1.3591 


Level 2 

The same method that was employed for Levels 3 to 6, described 
in the following paragraph, was used for Level 2 except the results 
were multiplied by the factor, 1.222. 



30 


It appears that this factor relates to the proximity of the neutron 
probes to the surface when making Level 2 readings. Field test data in- 
dicate that multiplication- by this factor is necessary to make Level 2 
readings comparable with readings from Levels 3 through 6. The mathematical 

equation is 

Y 2 = 1.222 (+ .5237X - .0300) 


Levels 3 to 6 


The following calibration equation (provided with this instrument by 
Troxler Company) was employed to estimate soil moisture at Levels 3 through 

6 . 

Y = + .5237X - .0300 

(3-oj 

Field data made this year , under unusually moist conditions for Montana , 
Indicate that the actual amount of water in the soil may tend to be some- 
what less than indicated by the Troxler calibration curve. However, since 
spring wheat is known to extract water from the soil down to near 30 atmos- 
pheres (rather than the 15 atmospheres assumed in our computations) , the 
difference would tend to be compensated for in estimates of crop available 
moisture by the additional water available between 15 and 30 atmospheres. 



The additional products of this study are presented (attached) in 
four computer output forms* Some of the information included ,on each of 
the forms is indicated below. 

Form 1 

A. Individual neutron counts 

Bi Averages of neutron counts 

C. • Standard deviation of neutron' counts 

Form 2 

A. Average of neutron counts at each depth 

B. Average of neutron counts for background 

C. Ratio A/B 

D. Milliliters of water per cm^ of soil 

Form 3 

A. 

B. 

.C. 

D. 

Form 4 

A. Milliliters of water (total) per cm^ of soil 

B. ’ Milllilters of water unavailable per cm^ of soil 

C. Milliliters of water available per cm^ of soil 


Grams of soil per cm^ of soil (bulk density) 

Milliliters of water trapped by soil per cm^ of soil 

Milliliters of water trapped by salt (osmotic pressure) 
per cm^ of soil 

Milliliters of water unavailable per cm^ of soil 


Vs 



VI. REMOVAL OF FIELD EQUIPMENT AND TERMINATION 

Cooperating fanners were Informed by letter that the tubes would be 
removed from their fields by October 31, at the latest, and to therefore 
take precautions to circumnavigate the structures during harvest. 

All neutron access tubes and field markers were removed from the 
spring wheat fields during the last run on September 27 and 28. 

This was a very late year for crop development . Since the harvest 
period continued until the last week of October, it was necessary to re- 
quest an extension of the termination date of the project from October 1 


to November 1* 



VII. APPENDIX 



Ref: C-1052 


A-1 . 

EARTH SATELLITE CORPORATION 
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Dr. Joseph M. Caprio 
Plant and Soil ‘Science Dept. 
Montana State University 
Bozeman, Montana 59715 


May 27., 1975 


Dear Dr. Caprio: 


This letter will confirm my recent phone calls 
moisture data gathering subcontract In support 
System" test during the 1975 crop year. 


regarding a potential soil 
of our "Spring Wheat Yield 


Our requirements for the subcontract includes the following: 


( 1 ) 


( 2 ) 


Neutron probe soil moisture profile measurements in, 

(a) Three soil categories 

I. Fine Textured Loam 

>150 mm Field Crop Available 

II. Course Texture Sandy Loam 

100-150 mm Field Crop Available 

III. Saline Mixtures with less than 100 mm water available to plant 

(b) Depth SFC - 10 cm, 10-40 cm, 40 cm-lM 

(c) Timing weekly or at: 

■ Emergence Soft dough 

Jointing Ripe 

Heading Harvest 

Locations desired for the measurements (select those sites specific 
.to your state) 


State 

County 

Montana 

Hill 

Montana 

Glacier 

Montana . 

Liberty 

Montana 

Toole 

North Dakota 

Burke 

North Dakota 

Divide 

North. Dakota 

Williams 

South Dakota 

Hand 

South Dakota. 

Hand 

Minnesota 

W. Polk 


Center Coord. 


48'* 

42, 

O' 

109“ 

55.0' 

48® 

37. 

5' 

112“ 

33.4’ 

48“ 

44. 

.0' 

110“ 

51.0’ 

48“ 

53. 

,0' 

111“ 

46.5' 

48“ 

53, 

,2' 

102“ 

10.0’ 

48“ 

53, 

.6' 

103“ 

10.9' 

48“ 

19, 

.2' 

103“ 

24.7’ 

48“ 

35, 

.0' 

98“ 

58.0’ 

44“ 

21 

.0' 

98“ 

45.7’ 

47“ 

49 

I 

96“ 

41’ 


I have already received responses to these questions from certain of e 
listed states. I certainly appreciate your response. I do require, a 
written quotation in as short a time as possible. 


I expect that -I will receive word" from NASA on a go-ahead for you by 1 . 

June. .1 will call if there is any change in this schedule. 

Thank you for your assistance. I am looking forward to meeting with each of 
you during the coming summer. 


Sincerely, 

Earl S. Merritt 
Director 

Food Resources Group 



Title ; Soil Moisture arid Spring Wheat Phenology in Glacier, Hilli Liberty 
and Toole Counties of Montana (LACIE .PROJECT) . 

Obj ectlves ; 

1. To install equipment at four test sites in northern Montana for 

use in evaluating concurrent conditions of soil moisture and spring 
wheat phenology. 

,2. To make soil moisture measurements' and spring wheat phenological 
observations in target sites situated in Glacier,, Hill, Liberty and 
Toole counties. - ' ' 

3. To process, analyze and disseminate the data for possible use in 
research, extension, and education.’ 

Justification : 

In order to evaluate wheat-environmental relations in the "Spring Wheat. 
Yield System" (a component, of the LACIE PROJECT) it will be necessary 
for the Earth Satellite Corporation to obtain data on spring wheat 
phenology and concurrent soil moisture conditions in four test sites 
located in Glacier, Hill, Liberty and Toole counties of Montana. It is 
essential that soil moisture determinations be made by the neutron 
method and that local personnel and equipment be used to make the inter- 
grated soil moisture and phenological measurements. Both the equipment 
and the expertise in the Plant and Soil Science Department at Montana 
State University will be used to achieve these objectives. 

Procedure : 

The following is an outline of the soil moisture measurements which will 
be made at approximately weekly (7-day) intervals throughout the spring 
wheat growing season: 

(1) Neutron probe soli moisture profile measurements in, 

(a) Three soil categories 

I. Fine Textured Loam 

> 150 mm Field Crop Available 

II. Course Texture Sandy Loam 

’ 100-150 mm Field Crop Available 

III. Saline Mixtures with less than 100 mm water- available to 
plant 

(b) Depth SFC - 10 cm, 10-40 cm, 40 cm-lM 

(c) Timing weekly or at: 

Emergence 

Jointing 

Heading 

Soft Dough 

Ripe 

Harvest 
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(2) Locations desired for the measurements 


State 

County 

Center 

Coordinates 

Montana 

Hill 

48* 42.0! 

109* 55.0’ 

, Montana 

Glacier 

48* 37.5’ 

.112* 33.4’ 

Montana 

Liberty 

■ 48* 44.0' 

no® 51.0’ 

Montana 

Toole 

48* 53.0' 

111* 46.5’ 


' These measurements will be made at intervals of approximately one week 
from the onset of the program until the spring wheat is harvested in the 
autumn of 1975. Concurrent observations on wheat phenology will also 
be made. This data will be submitted to Earth Satellite Corporation 
■ and will also be available for use by students and faculty at Montana 
State University for research, extension and education. 



